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SYSTEM ENGINEERING CRITERIA 


2-1. GENERAL. 


Section 2 of this handbook has been prepared to aid 
the electronics engineer in exercising technical con- 
trol of the design, installation, and provision for 
maintenance of the electronic material which goes into 
the electronic facilities of a Naval shore activity. The 
aim of this handbook is to establish criteria which will 
promote standardization, simplification and optimum 
performance in the electronic components of the Shore 
Establishment within the continental United States 
and for fixed stations on a world-wide basis. Devia- 
tions may be expected in systems engineering of 
facilities of the Naval Reserve whereby the mission, 
site availability, fiscal, and other limitations make it 
impracticable to provide and maintain the electronic 
equipment strictly in accordance with the criteria as 
established in this handbook. Deviation will, how- 
ever, be kept to a minimum insofar as possible. 
Criteria for advanced base electronic installations are 
under the cognizance of the Bureau of Ships, Code 945. 

Systems engineering to provide “optimum perform- 
ance” includes design and operational techniques of 
equipment and facilities which will obtain perform- 
ance which is best, most favorable, or most conducive 
to a given end; especially under fixed conditions. 


a. DEFINITIONS. 


(1) ELECTRONIC SYSTEM.—The integration 
of various electronic components which together per- 
form a specific electronic function, is termed an elec- 
tronic system. This definition follows that of Chapter 
67, Bureau of Ships Manual, which states: “A system 
consists of two or more sets or major units located 
at two or more points with interdependence and inter- 
related operations for the accomplishment of a specific 
objective.” Under this definition a complete trans- 
mitting system would consist of all the facilities re- 
quired to handle the message (or any other form of 
intelligence) from the time the first readable copy 
was presented for transmission by the “sender,” until 
the radio signals were radiated from the transmitting 
antenna. For the purpose of this handbook a trans- 
mitting system at a radio transmitting station also 
would include those components of the complete sys- 
tem which are required to take the message as received 
by landline or link and convert it to radiated energy. 


Similarly, a complete receiving system would consist 
of all the facilities necessary to deliver a readable copy 
of the message to the addressee as the result of radio 
signals picked up by the receiving antenna. However, 
those components of the complete system located with- 
in the boundaries of a radio receiver station in them- 
selves constitute a system capable of delivering a 
message to the connecting landline or link for ultimate 
delivery to the addressee; normally through the facili- 
ties of a communication center. 


(2) FACILITY.—The term “electronic facility” 
in this handbook is used to describe the grouping of 
electronic components, or electronic systems with the 
necessary housing and utilities which ar established 
to meet an operational requirement. The use of the 
word “facility” is not limited to the above definition, 
however, and the dictionary definition applies wheré 
it is employed otherwise. When it is used in connec- 
tion with the title of an activity located outside the 
continental United States, the word is capitalized. 


(3) SYSTEMS ENGINEERING.—This includes 
the art and science of converting a stated operational 
requirement into an electronic facility of maximum 
practicable effectiveness. The electronics ngineering 
process includes site selection, development of equip- 
ment allowances, operating structures design require- 
ments, antenna and antenna field designs, architectural 
and engineering development guidance and approval, 
electronics installation design, installation, perform- 
ance criteria and maintenance procedures. 


b. OBJECTIVE.—The objective of systems engineer- 
ing is the application of best engineering techniqu s 
in order to obtain maximum performance out of the 
components which comprise a syst m or facility. In 
its larger scope, systems engineering considers many 
points which are not truly electronic. These include 
structural requirements, human engineering, and fiscal 
considerations such as first cost versus long range cost. 
While the electronics engineers are not primarily 
responsible for these factors, they have a sincere and 
responsible interest in them. Without this interest 
and consideration the completed electronic installation 
probably would be deficient in overall performance. 
The responsibility of the Bureau of Ships mainte- 
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nance authority for these non-electronic matters is in 
advising the cognizant authority of the electronic 
requirements for that feature, without telling them 
how to do it. 

Factors of systems engineering at shore establish- 
ments are under the cognizance of the local Bureau of 
Ships maintenance authority, whose duties and respon- 
sibilities are specified by the Bureau of Ships in Chap- 
ter 67 of Bureau of Ships Manual. 


All electronic equipment and systems under the tech- 
nical control of the Bureau of Ships shall be main- 
tained in satisfactory operating condition, and shall be 
capable of rendering the required services and ful- 
filling the standards of operation established by the 
Chief of Naval Operations. The local Bureau of Ships 
maintenance authority is charged with the responsi- 
bility of seeing that these conditions are met. This 
is best accomplished through the medium of initial 
and final acceptance tests, approval of plans, and 
through annual inspections as outlined in Chapter 67 
of the Bureau of Ships Manual. Close cooperation 
and maintenance of friendly relations with the com- 
manding officers will enhance and expedite accom- 
plishment of electronic planning, installation, and 
maintenance work. Provision of competent engineer- 
ing services and accomplishment of the actual work 
within a reasonable period of time, and at the lowest 
possible cost, is of paramount importance in further- 
ing this objective. 

¢ SITE SELECTION AND ALLOWANCE FOR 
GROWTH.—In planning a new facility or a major 
addition to an existing facility, systems engineering 
is required to plan intelligently, farseeingly, and gen- 
erously. Experience indicates that if an electronic 
installation is to exist, it grows; that is, the demands 
upon it increase. More circuits, more words per cir- 
cuit, more personnel (operators or students), more 
equipment, more antennas, more flexibility of choice 
and often more space, (land and housing) invariably 
result. 


Where a choice of sites is limited, and even though 
the original funds for equipment and facilities may 
be limited to that necessary to meet immediate needs, 
with no allowance for expansion in case of normal 
growth and/or mobilization plans, much can be ac- 
complished by careful long-range engineering plan- 
ning. Utilize the space and other facilities by arrang- 
ing the on-hand (or allowed) equipment in such a 
manner that additional equipment can be added with 
a minimum disturbance of the then existing installa- 
tion. In other words, allow a space for additional 
equipments. Do not sacrifice the possibility of making 
expansion logically for the sake of “compactness” of 
the original installation. 


This factor applies particularly well in the case of 
cables, cable ducts, and patching or switching facili- 
ties. If not actually installed, plan as if the additional 
facilities were to be installed immediately and then 
when the expansion does come, install according to 
plan; not on the spur-of-the-moment. The magnitude 
of the provision which should be made for normal 
growth and expansion, emergency growth and expan- 
sion, and for mobilization is always a debated subject. 
There are many factors which must be known before 
a realistic estimate can be made. Most of these factors 
vary from case to case. The percentage allowance 
which can be included in any project will depend on 
the provisions of the specific military construction 
appropriation and the adequacy of the line items of 
the appropriation to meet existing operational require- 
ments at the time of commissioning. 


2-2. SYSTEM DESIGN. 
a. GENERAL DESIGN PROCEDURES. 


(1) DESIGN STANDARDS.—In setting stand- 
ards for electronics shore work, the requirements to 
make the solution as nearly ideal as possible will be 
presented. In some instances the ideal must be com- 
promised. The greater the compromise, the less satis- 
factory the end result will be; until finally the com- 
promised solution becomes unacceptable. In many 
instances there is more than one solution which will 
give a satisfactory result. Even good authorities do 
not always agree as to which is the best. Therefore, 
if more than one good solution or method is known, 
they will be presented so that under the prevailing 
circumstances the most satisfactory solution may be 
selected. A “preferred” solution may be indicated when 
appropriate. 

A “temporary” installation should be well engi- 
neered and carefully installed. ““Temporary”’ installa- 
tions often become “temporarily permanent,” anc all 
too often become permanent by default. As long as 
the nominally temporary and poorly executed installa- 
tion remains, it is subject to more frequent failures, 
will not do the job as well, and in the long run will 
be more costly. In areas where standards have not been 
established herein, after careful consideration the proj- 
ect engineer should decide upon a “standard” method 
of doing something and maintain that standard at least 
for that locality. Do not deviate! If a superior method 
ts later discovered or developed, change all similar units 
at that locality or do not use the “superior” method at 
all, Preferably, all similar units should be the same 
throughout the system. 

(2) OPERATIONAL REQUIREMENTS.—Before 
any Constructive engineering study can be made, the 
operational requirements first must be determined. 
These operational requirements for an electronic in- 
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stallation are usually specified or approved by the Chief 
of Naval Operations. 

In studying the operational requirements, it should 
be determined how permanent the installation is con- 
sidered. Does its geographical location materially 
affect its strategic utility? Should it be protected from 
gunfire or bombing? Should it be designed to operate 
attended or unattended? Attended operation implies 
that a facility requires continuous supervision and ad- 
justment by personnel constantly in attendance. Com- 
plete unattended operation requires only the periodic 
attention required for maintenance, and applies to such 
facilities, for example, as a radio beacon operating on 
a fixed frequency. 

In considering the relative long-time costs versus 
short-time costs, the first-cost is only one consideration. 
Other considerations are (a) cost of maintenance parts 
and installation labor, and (b) relative cost of attended 
versus unattended operation. Industry spends large 
sums of money to reduce maintenance costs, not only 
by keeping maintenance parts consumption to a mini- 
mum, but also to save the labor costs to install them. 
The opportunity to reduce maintenance costs and pos- 
sibly providing for unattended operation is a subject 
which no wide-awake project engineer should overlook. 

When the operational requirements have been 
fully determined, the project engineer must determine 
whether or not the project will, or should, require an 
entirely new facility. He must also determine whether 
an existing facility should be so modified or expanded 
so as to accomplish the new mission without impairing 
the functioning of the existing facility, or the well- 
being of the system as a whole. 


If the task requires a new facility, it becomes a 
complete engineering-design problem which can pro- 
ceed with somewhat less regard to existing conditions. 
The engineer nas a good opportunity to utilize all 
the latest techniques and know-how on a system-wide 
basis. 


If the task must, and is capable of being accom- 
plished by modification or expansion of existing facil- 
ities, the project engineer must proceed along some- 
what different lines. To preserve any semblance of 
systems engineering, the “new” work must operate 
consistently with the “old,” or the ‘‘old”’ must be modi- 


fied to operate with the “new.” 


(3) SYSTEM REQUIREMENTS.—Once the over- 
all operational requirement has been interpreted, the 
detailed system requirements must be determined. This 
involves such details as, (a) scope and configuration of 
the electronic systems required, (b) proposed major 
and test equipment allowance, and (c) electronic speci- 
fications for architectural and engineering development 
including utility requirements. 


Miscellaneous factors which must be included in 
system planning and arrangement are as follows: 


(2) SHOP AND STORAGE.—Whenever pos- 
sible, allow and provide ample ready storage space in 
the original planning. There is a tendency to ignore 
its importance in favor of operating space, depending 
on acts of expediency to meet the needs. Shop space 
must be provided to meet maintenance requirements, 
Spare parts stowage as determined by the operating 
command should be provided, but its location should 
be near operating spaces but not in them. 


(6) HUMAN ENGINEERING.—Human engi- 
neering, for the purposes of this handbook, may be 
defined as the consideration of the factors which affect 
the well-being and actions of an individual and his 
associates. ‘“The Human Engineering Guide for Equip- 
ment Designers” by Wesley E. Woodson of the Navy 
Electronics Laboratory staff is recommended for ref- 
erence. Copies have been distributed to various Bureau 
of Ships field activities. Additional copies may be ob- 
tained from the University of California Press, Berke- 
ley, Los Angeles, California. 

The electronics engineer’s interest in human en- 
gineering is to enable an electronic installation to per- 
form its mission in the most efficient manner by con- 
sideration of these factors. Any installation of elec- 
tronic equipment which is not wholly automatic, re- 
quires human assistance to perform its mission. There- 
fore, the well being of the individual who is to render 
the human assistance is of considerable importance. 

It has been proven that if an individual is rea- 
sonably comfortable, he can perform more and better 
work for longer periods than if he is uncomfortable. 
In this sense comfort does not mean luxury, nor ease 
which would promote laziness or inattention. 

Four factors which contribute to the COMFORT 
of the individual are: (a) sufficient clean AIR, free 
from objectionable odors, and having humidity and 
temperature levels which are consistent with his duties; 
(b) sufficient non-glaring LIGHT so placed as to 
properly illuminate his work without requiring him 
to look into lights beyond; (c) reasonably QUIET 
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cause MINIMUM CONFUSION. 
Other important factors are: 


APPEARANCE.—It has been shown that if 
the original installation is pleasing in appearari. 2 it will 
work better. There is a definite tendency for mainte- 
nance and operating personnel to take pride in keeping 
the installation good looking. At the same time they 
give it better technical maintenance, which in turn 
tends to keep the equipment in better operating con- 
dition. 

CONVENIENCE.—Another important factor 
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in human engineering is CONVENIENCE. It has at 
least three beneficial effects: (a) it promotes accom- 
plishment of things which might otherwise be neg- 
lected; (b) it enables one to do better work in less 
time; and (c) by the careful placement of equipment 
many needless steps can be saved thus conserving per- 
sonal energy and time. 

Care and thought should be given to the ar- 
rangement of meters, test equipment, jack fields, indi- 
cating lights, etc. to assure they are at proper eye level 
for the use of the people who are to use them. 


SAVING STEPS.—In arranging equipment, 
consider whether the proposed arrangement will save 
the maximum number of unnecessary steps for the op- 
erator and/or supervisor, commensurate with possible 
other disadvantages. 

ROUTINE OPERATIONS.—Relieve the op- 
erators and/or supervisor of the necessity of puzzling 
over what is the difference between the control of 
different but similar units (such as transmitters keyed 
from wire, radio or multi-channel, or the output cir- 
cuits of single-channel or multi-channel radio re- 
ceivers) by making all similar operations appear sim- 
ilar. This is important, particularly while working 
under stress or emergency conditions when the opera- 
tors are busy thinking of other things. 

COMPATIBILITY. — Another problem in 
the human engineering field is that of joint tenancy or 
joint use of sites, buildings, structures, or even elec- 
tronic equipment or facilities. It is necessary or de- 
sirable to subdivide a facility into subunits of varying 
degrees of physical isolation because of their function, 
or the security classification of the work carried on 
therein. Examples are manual circuits functionally re- 
quiring low ambient noise and high concentration, 
message centers as distinct from relay functions, or 
crypto spaces. 

(4) SYSTEM PLANS.—Drawings may take the 
form of: (a) engineering sketches and engineering 
specification notes, (b) detailed design drawings and 
specifications, and (c) finished or final manufacture 
and/or installation drawings and plans. 

The types of drawing required for a particular 
task solution will vary within wide limits. Among 
the types frequently required are: (a) vicinity plan, 
(b) site plot plan, (c) sub-surface facility plans, (d) 
antenna farm layout, (e) functional block diagrams or 
signal flow charts, (f) building layout plan, (g) equip- 
ment layout within building plan, (h) schematic wir- 
ing diagram(s), (i) inter-unit cabling drawings and/ 
or lists, (j) “type” or guidance plans of standard 
equipments, (k) “type” drawings of special equip- 
ments (such as patch panels, frequency measurement 
equipment, control panels and/or operating positions) , 


(1) cross-connection lists, and (m) installation mate- 
rials list. 


(5) SYSTEM INTEGRATION. 


(4) PHYSICAL.—Although this may not par- 
ticularly apply to communication equipment, in deter- 
mining the best arrangement of certain electronic 
equipment for a proposed new installation, or a re- 
arrangement of an existing one, it is an excellent policy 
to make three-dimension model layouts for all installa- 
tions, using blocks to represent the individual equip- 
ments. The scale for these models is one inch to the 
foot. 

The use of three-dimension models will enable 
the operating persunnel to better visualize what the 
completed installation should look like, and how it 


should operate. Photographs of alternate arrange- 


ments can be made for comparative purposes. These 
photographs can be forwarded to those interested, 
especially those for whom it is impossible or im- 
practicable to view the actual model. 

(b) ELECTRICAL.—Standard installation prac- 
tices shall be adhered to where electrical integration 
of units of a system, or integration of systems is in- 
volved. Six hundred-ohm open-wire transmission lines 
or special 70-ohm coaxial cable is used for the transfer 
of high power RF energy such as is encountered in HF 
transmissions and lower frequencies. For WHF-UHF 
applications, 50-ohm coax is used. The standard RF 
transmission line impedance for receivers is 70-ohm 
coaxial cable. Audio signals are carried on standard 
shielded twisted pairs, engineered to maintain 600 
ohms input and output impedances, and balanced for 
isolation from noise or other unwanted signal energy. 

In order to integrate multiple systems, standard 
control facilities are prescribed for communication in- 
stallations whereby systems can be controlled by means 
of standard patch cord and switch panels. Permanently 
installed monitoring devices are also a part of these 
facilities. Coaxial antenna patching arrangements to 
provide maximum flexibility shall be planned for, and 
installed at receiving facilities. A system of outdoor 
and indoor switches for 600-ohm open-wire lines is 
provided at transmitter stations, supplemented by 
coaxial patching of certain antennas which are so con- 
nected. The use of antenna multicouplers at Naval 
Air Stations and Radio Stations (R) conserves vital 
antenna space, in addition to the economy of having 
less antennas to provide. 

(c) SPURIOUS EMISSIONS, RESPONSES, 
AND CROSSTALK.—Aithough the equipment itself 
may be designed to meet specification limits pertaining 
to spurious emissions, responses, harmonic generation 
or crosstalk, care must be exercised as to the arrange- 
ment of equipment and external connections so that 
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such undesirable effects are minimized. This requires 
careful engineering of such factors as shielding, bond- 
ing, and circuit isolation as well as provision for the 
maintenance of proper signal levels and assurance that 
equipment will be properly operated. Precautionary 
measures are especially vital at receiver stations 
where circuit sensitivity, as a ratio of signal to noise 
level, limits receiving capabilities. Proper operation 
of transmitters also is essential, because an over- 
modulated or improperly adjusted transmitter is a po- 
tential source of interference to other stations. 


Sources of interference are sometimes difficult 
to locate and suppress. A good look at all the prolific 
sources of interference as listed in para 2-15e of this 
handbook will assist systems engineering in the devel- 
opment of environmental conditions which will provide 
optimum performance of a facility. 


b. SUMMARY.-—To assist the project engineer in 
making his investigation of the electronics considera- 
tions for shore electronic installation, new or old, the 
following check-off list is provided. Criteria for each 
item may be obtained by consulting the index of this 
publication, or in correspondence pertaining to the 
establishment of the electronic facility. 


(1) Operational requirements of project or task. 
(2) System-engineering concepts. 
(3) Radio circuit requirements (operational). 
(4) Electronic equipment selection. 
(5) Site or location considerations. 
(6) Station area layout. 
(7) Antenna requirements. 
(8) Tower height and aircraft clearance. 
(9) Azimuth coverage of radar installations. 
(10) Antenna transmission lines. 
(11) Antenna terminations. 
(12) Antenna switching. 
(13) Analysis of radio path and propagation. 
(14) Building and structures (physical, type of 
construction, etc.). 
(15) Building and structures (electronic, opera- 
tional features required). 
(16) Ground systems. 
(17) Electronics spaces required (number and 
size). 
(18) Communication and control radio links. 
(19) Communication and control cables. 
(20) Test equipment. 
(21) Special purpose electronic equipment. 
(22) Equipment arrangement. 
(23) 'luman engineering. 
(24) Cable and RF link terminations. 
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(25) Power switching and distribution. 
(26) Wire and cable distribution. 


(27) Circuit control and switching. 

(28) RF lines switching and distribution. 
(29) Electronics power requirements. 

(30) Heat liberated by electronic equipment. 
(31) Air conditioning of electronics spaces. 
(32) Lighting of electronics spaces. 

(33) Hardstand requirements. 

(34) Station services: water, gas, etc. 

(35) Roads and parking areas. 


2-3. ANTENNA AND TRANSMISSION-LIME SYSTEM 
ENGINEERING. 


a. GENERAL*.—There are three basic aspects of 
antenna engineering. The first pertains to radiation 
characteristics and includes all matters incident to the 
distribution of radiant energy in space around an an- 
tenna system, as well as the current distribution that 
produces the radiation pattern. The second pertains to 
antenna circuitry and involves such matters as self- 
and mutual impedances, currents, potentials, insulation, 
and feeder systems that will yield the desired current 
distributions. Third, there is structural engineering 
which has to do with all the mechanical details of sup- 
port, rigging, materials, strengths, weights, hardware, 
assembly, adjustability, stability, and maintenance. 
While each aspect must be separately developed, the 
final design must be an integration of the three, with 
a minimum of compromise and within reasonable eco- 
nomic limits. 


The purpose of a transmitting antenna is to pro- 
ject radiant energy over a given wave path in the most 
effective and economical manner. The purpose of a 
receiving antenna is to absorb a maximum power from 
a passing wave field, with the maximum exclusion of 
noise and interfering signals. The transit of a wave 
field between the two depends upon the physics of 
wave propagation. The antenna engineer must be fa- 
miliar with wave propagation to be able to design 
antenna systems of maximum effectiveness. “ave 
propagation is a vast and complicated statistical sub- 
ject, and for that reason this book is limited to the 
barest essentials. 


The engineer recognizes rather large overlaps in 
the bands of frequencies into which antenna design 
techniques are classified. They blend gradually from 
one into the other; the amount and the extreme ranges 
varying with the state of the ionosphere and ground 
characteristics, as shown in the following table. 


PAGE AR LS HO mm BBanensmne £6 wm es ee _ 


Paragraph 


2-3a 
TABLE 2-1, ANTENNA DESIGN- 
FREQUENCY GROUPING* 
Abbre- Approximate Most Useful 
Term viation Band Propagation 
Low Frequency LF Up to 500 Ground waves and sky 
(long wave) kilocycles waves 
Medium Frequency MF 200 to $000 Highest usable ground 


(medium wave) kilocycles waves and sky 
waves 

Sky waves propagated 
by way of iono- 


sphere 


HF 3 to 40 
mega- 
cycles 


High Frequency 
(short wave) 


*By permission from Radio Antenna Engineering by Edmund A. 
Laport. Copyright 1952, McGraw-Hill Book Co., Inc. 


The three overlapping frequency groupings 
roughly define the three different classes of techniques 
which apply to antenna design, with specific types for 
each class discussed in paragraphs which follow. To 
a certain extent, high-frequency design techniques may 
also be applied to antennas used for optical propaga- 
tion, but antennas for the frequencies propagated op- 
tically become still another class of techniques. They 
are discussed under VHF/UHF APPLICATIONS with 
further discussion under RADAR EQUIPMENT IN- 
STALLATIONS. 

For clarification, the following standard table of 
frequency designations is provided. 


TABLE 2-2, STANDARD FREQUENCY 
DESIGNATIONS 


VLF — under 30 kc 

LF —- 30-300 kc 

MF — 300—3000 kc 

HF — 3-30 mc 

VHF — 30—300 mc 

UHF — 300-—3000 mc 

SHF — 3000—30,000 mc 
EHF — 30,000—300,000 mc 


Radio frequency waves at frequencies above 300 mc 
are commonly called “microwaves.” 


Antenna installation at shore activities involve 
all types, with frequency ranges from 14 kilocycles to 
and including microwaves. Requirements to be met 
vary from broadcast and point-to-point circuits of sev- 
eral thousand miles, to those for control tower/landing- 
strip coverage at Naval Air Stations. Power handling 


capabilities range from microwatts to megawatts. 


b. INTERPRETATION OF ANTENNA REQUIRE- 
MENTS.—The requirements for an efficient transmitting 
antenna at a piven frequency are the same as for an 
efficient receiving antenna. Therefore, the following 
discussion on antenna systems will generally pertain 
to both transmitting and receiving systems. 
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In the interpretation of the antenna requirements 
for a given facility, each circuit must be considered 
separately and the design of the antenna should be 
such as to most effectively meet the requirements of 
that circuit. When all circuits have been considered, 
the total antenna requirements will require integration 
into a system with consideration given to antenna im- 
pedance, gain, radiation patterns and frequency ranges, 
separation of antennas and feeders, switching and/or 
patching for flexibility, relative cost, and optimum sys- 
tem performance. 

In general, antenna fields are arranged such as 
to keep transmission line losses and antenna inter- 
action to a minimum, coaxially fed antennas and higher 
frequency antennas being near the transmitter or re- 
ceiver buildings and the point-to-point antennas, usu- 
ally rhombics, are placed near the periphery. Each 
antenna for point-to-point service is precisely located 
and constructed with optimum vertical and azimuthal 
directivity to take advantage of most favorable iono- 
spheric conditions. 

In fulfilling the Navy requirements for antenna 
systems, a number of factors quite aside from purely 
electromagnetic aspects must be considered before the 
relative merits of possible configurations can be estab- 
lished. These factors arise because the antenna is an 
element of a communications system and as such must 
be integrated into the system requirements. If the sys- 
tem is complex, consideration must be given to the 
multiplicity of operational requirements. Specifically, 
the following items should be examined as an aid in 
making a choice of a particular antenna to satisfy a 
given sei of requirements. 

Polarization. 


Horizontal 
Vertical 
Circular 
Elliptical 
Radiation Pattern Requirements. 


Azimuthal Coverage 
Vertical Coverage 


Impedance. 


Broadband 
Narrowband 
VSWR 
Feed System. 
Balanced 
Unbalanced 
Combination 
Efficiency. 
Structural Complexity and Physical Size. 


Cost. 
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The polarization of the propagated wave is de- 
termined initially by the type and arrangement of the 
transmitting antenna. As a rule, a vertical conductor 
radiates a vertically polarized wave, and a horizontal 
conductor radiates a horizontally polarized wave. A 
receiving antenna is oriented to take advantage of the 
polarization of the received wave. More complex forms, 
such as circular and elliptical polarization, in which 
the direction of maximum voltage rotates :n space at 
the frequency of transmission, are also possible. 
These types are generated by certain special antennas 
or may be developed unintentionally when simple po- 
larized waves pass through nonuniform media. The 
wave polarization in free space is always in a plane 
perpendicular to the direction of propagation. 


As a consequence of the random polarization of 
medium and high frequency ionospheric waves due to 
changes in transit, the polarization of the transmitting 
antenna need not be dictated by the characteristics of 
the remote receiving antennas. There are, however, 
several factors which must be considered when making 
the choice between a vertically or a horizontally polar- 
ized radiator. Figure 2-1 is provided to show the at- 
tenuation of horizontally and vertically polarized 
waves over sea water, and over ground of poor and 
good conductivity. Where circuit requirements are for 
ground wave propagation, vertical polarization provides 
maximum area coverage. 


In the determination of the antenna design re- 
quirement, the first factor to be considered pertaining 
to polarization is the manner in which the radiation 
pattern characteristic is related to antenna configura- 
tion. A second factor to be considered is that of 
achieving short-range coverage (within several hundred 
miles) by the effective utilization of ground-wave prop- 
agation. Over sea water, which has the best conduc- 
tivity afforded by nature, substantial distances can be 
covered with frequencies up to five mc. This factor 
has often been utilized for inter-island communication 
and for short-distance ship-to-shore communication, 
particularly in harbors and estuaries. In such applica- 
tions, vertical polarization gives best results, and the 
station sites should be located near the shore to avoid 
excessive attenuation over land. 


The principal difference between antennas utilized 
for broadcast and those used for point-to-point service 
lies in the required radiation pattern characteristics. 
While the gain of 10 to 20 DB that can be achieved 
through the use of directive arrays in point-to-point 
service does not overcome the vagaries of the 1ono- 
sphere in its effect on signal transmission, it may often 
mean the difference between reliable and marginal com- 
munications. In broadcast and ship-to-shore applica- 
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tions, where the receiving stations are randomly dis- 
posed in azimuth and range, such antenna gains are not 
feasible. However, by utilizing “sector coverage,” an 
antenna gain up to six DB can be realized. 

The radiation pattern characteristics of a partic- 
ular antenna configuration are variable with frequency. 
This imposes certain limitations on the bandwidth over 
which the antenna should normally be used. Rhombic 
antennas, for example, have impedance characteristics 
that are very constant over an 8:1 range in frequency, 
and yet variations in the vertical radiation pattern sug- 
gest its use be restricted to bandwidths on the order of 
2:1 for optimum operation. Although the bandwidth 
characteristics of the rhombic are recognized, antenna 
park space and construction cost considerations will 
usually initigate against provision of an optimum de- 
sign for each assigned frequency. In general, two 
rhombic designs are provided. 


The versatility of broadband antennas at radio 
stations having a large number of operating equipments 
and frequencies hardly needs emphasis. The use of 
these antennas, together with a well-engineered switch- 
ing system, permits high equipment utilization and 
flexibility of station operations. It is unfortunate that 
to a certain extent the structural complexity and the 
cost of high frequency antennas is directly related to 
their bandwidth. Simple doublets are inherently highly 
efficient; they are, however, virtually single-frequency 
radiators. Broadband radiators represent a much larger 
investment in effort and cost than their narrowband 
counterparts. The increased operational efficiency, 
versatility, and generally reduced antenna park space 
requirements made possible by their use, however, will 
usually outweigh the factor on increased cost. With 
larger and larger traffic volumes to be handled, the 
compromises employed for economic expediency may 
no longer be tolerable in the future. 


Antennas for ship-to-shore and broadcast circuits 
in the high frequency band usually consist of half-wave 
doublet antennas, both vertical and horizontal, or of 
simple arrays of such doublets, depending on the area 
coverage requirements. These antennas are normally 
matched to the transmission line by closed stubs 
placed across the transmission line near the antenna 
and grounded at the shorting bar end. The antenna and 
matching device have a narrow frequency band charac- 
teristic. Such antenna systems can therefore be used 
only at frequencies close to the design frequency with- 
out re-stubbing, but stubbing techniques extend the 
useful frequency range of the antenna from 0.36 wave- 
length to 0.6 wavelength. Antennas, for example, such 


as stubbed horizontal, vertical, or tilted doublets can 
be used to effectively cover bands of frequencies as 
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follows: tances out to 2500 miles and beyond. As a result, the 
Design AS we Rime “sae TIS RE. “SO we eight mc antenna should include radiation down to 
Coverage 3.5- 5.8- 8.6- 11.5- 14.4- angles in the vicinity of 10 degrees. 

5.8 9.6 14.4 19.2 24.0 At the highest frequencies in the broadcast group 


It will be seen from the foregoing that complete 
spectral coverage can be provided by stubbing for all 
nominal frequency assignments. Since these services 
normally, or under mobilization, require simultaneous 
keying on five high frequencies, doublet antennas pro- 
vide frequency assignments at the lowest cost. On 
broadcasts, one low or very low frequency also may be 
keyed to cover an area extending from the transmitter 
location out to distances on the order of several thou- 
sand miles. Ordinarily, it is not possible for any of 
these frequencies to cover the full range of distances. 
At the lower frequencies, except for high power sta- 
tions, tonospheric absorption and atmospheric noise 
combine to limit the transmissions to relatively short 
distances. However, in order to provide coverage for 
submerged reception and to provide reliable communi- 
cations in high latitudes, high power VLF and LF 
transmissions are required. 


At the highest frequencies, the skip distance 
limits useful communications to the longer distances, 
in the daytime, and completely rules out their use at 
night. The range of vertical angles to be used depends 
on the height of the reflecting layers, on the distances 
to be covered, and on the frequency being used. 


For frequencies near four mc, ground-wave prop- 
agation normally can be relied upon to provide usable 
signals out to distances of about 250 miles over sea 
water. At that frequency and at a distance of 250 
miles, the surface wave may be expected to be about 
16 DB below the free-space value. On a day of rather 
high ionospheric absorption, the ionospheric wave also 
will be reduced about 16 DB below the free-space value 
at a distance of approximately 250 miles. Hence, in 
such a case, little is gained when high angles are in- 
cluded in an attempt to obtain sky-wave transmission 
at distances less than about 250 miles. For the reflec- 
tion at the highest F2-layer which is normally en- 
countered, vertical takeoff angles of 55 degrees to 60 
degrees are required in order for the sky-wave to return 
to earth at 250 miles. During much of the time, fre- 
quencies near four mc will be reflected by the E-layer 
and much lower angles would suffice. Because of 
greater absorption at four mc, signal strength at eight 
mc frequently may be greater at distances immediately 
beyond 250 miles. Hence, antennas for eight mc should 
likewise radiate at angles up to 55 or 60 degrees. At 
some times during the year or sunspot cycle, eight mc 
also may be called upon to cover the full range of dis- 
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(i.e. greater than 20 mc), rather well-determined limits 
also may be set on required vertical angles. Because 
of rapid attenuation, the ground wave is unimportant at 
these frequencies. In addition, the F-layer critical fre- 
quency at vertical incidence does not often range to 
frequencies higher than 7-10 MC. This corresponds to 
skip distances of about 1200 miles at 20 mc. Thus, 
these transmissions would usually be limited to dis- 
tances greater than 1200 miles. At 1200 miles the one- 
hop mode would be used, and at 2500 miles the two-hop 
mode would prevail. 


Frequencies near 12 and 16 mc normally would 
be used to cover somewhat shorter distances than the 
higher frequencies and, in addition, will be useful for 
distances out to 2500 miles, or greater, at night. | 


Certain conclusions may be drawn regarding 
favorable vertical pattern requirements with emphasis 
on providing complete coverage from close range, to 
distances in excess of several thousand miles. These 
conclusions must of necessity include all anticipated 
conditions of the ionosphere, accounting for epoch of 
the sunspot cycle, time of year, and time of day. In 
summary, frequencies of approximately four mc, usable 
for ground wave coverage out to distances of approxi- 
mately 250 miles, should cover a vertical sector of 0 
to 60 degrees; frequencies between four and eight mc, 
used mainly for sky-wave coverage from a few hundred 
out to several thousand miles, should cover a vertical 
sector from 10 to 60 degrees; frequencies between 
eight and 12 mc, mainly sky-wave coverage from sev- 
eral hundred to several thousand miles, desired vertical 
sector 9 to 50 degrees; frequencies between 12 and 16 
mc, mainly sky-wave coverage from approximately 700 
to 2500 miles or greater should have a vertical sector 
of 8 to 45 degrees; frequencies above 20 mc, mainly 
sky-wave coverage from approximately 1200 to 2500 
miles or greater, desired vertical sector 8 to 30 
degrees. 

The coverage requirements in the vertical direc- 
tions at the various frequencies can, of course, not be 
met exactly without going to entirely uneconomical 
antenna structures. In general, vertical radiators ap- 
proximately a half-wavelength or less, provide good 
patterns for the launching of ground waves, and they 
give adequate coverage at all angles of elevation up 
to about 60 degrees from the horizontal. Such antennas 
are especially useful at LF, MF, and HF for broadcast 
operation where omni-directional antennas are required. 


Some control of the radiation patterns of hori- 
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zontal and vertical antennas can be achieved by vary- 
ing the height above ground at which the antennas are 
suspended. A horizontal doublet elevated by one half- 
wavelength provides good vertical coverage from about 
10 to 40 degrees. Increased gain at particular angles 
can be obtained by varying the doublet height. This is 
achieved, however, at the expense of the breakup of - 
the pattern into sharp lobes. A height of one half- 
wavelength above ground, is therefore the best pos- 
sible compromise for omni-directivity. 

High frequency point-to-point circuits operate be- 
tween fixed transmitting stations and fixed receiving 
sites. High frequencies are used for all transmissions 
long encugh to permit sky-wave propagation. The 
ionosphere dictates the choice of frequency, the power 
rating of the transmitters, and the antenna radiation 
pattern characteristic required. 


One of the main distinctions between the point- 
to-point circuits and the broadcast or ship-to-shore cir- 
cuits is the fact that the fixed location of transmitters 
and receivers in the former permits the use of highly 
directional antenna systems. Many designs for such 
antennas have been developed in the past; the most 
widely used type at the present time is the rhombic. 

It has excellent gain and directivity when used over a 
relatively narrow band of frequencies around the de- 
sired optimum. The design of the antenna should not 
be such that the radiation pattern is too sharp to allow 
for normal variations in arrival angles in either the 
horizontal or vertical planes. 


Admittedly, ionospheric propagation is extremely 
complex and generalities are not reliable. Ionospheric 
turbulence, wave trapping, magnetic storms, refractions 
and reflections, and scattering in space and at reflec- 
tion points on the earth all cortribute to unpredicta- 
bility. However, it can be said that there is a suffi- 
cient amount of successful engineering experience 
available to justify the specification of desired verti- 
cal sectors, and to further stipulate that the radiation 
patterns within these sectors should be reasonable uni- 
form and free of deep nulls. 


c. ANTENNA GAIN- 


(1) Antenna Gain may be defined as a measure- 
ment of radiated power in a given direction. It is also 
the ratio of power radiated in a given direction to 
power radiated in a like direction by a standard refer- 
ence antenna, keeping input power to the two constant. 


Since most radio communications over any 
great distance use sky wave transmission, i.e., radio 
waves are transmitted at an angle upwards to be re- 
flected by the ionosphere, it is evident that the given 


direction cited in the above definition must also include 
that above a horizontal plane. This direction is angular- 
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ly defined and is called the vertical angle of radiation. 

Although power radiated from an antenna at a 
known angle is of interest in practical application, 
gain ratings are derived from measurements taken at 
the maximum power lobe regardless of the angular re- 
lationship between this and the reference antenna’s 
maximum radiation power angle. In selecting an 
antenna for transmitting over a given sky path, radi- 
ated power at the optimum take-off angle would be of 
prime importance. 

(2) In order to establish a point of reference for 
the purpose of comparing antenna types, a theoretically 
perfect antenna is used as a standard. This primary 
standard is called an Isotropic Radiator. The chart in 
Figure 2-2 compares it to several secondary standards 
which can be set up as practical radiators for model 
range work and for field comparison with other antenna 


types. 

(3) In practical application the quarter wave verti- 
cal serves well as a secondary standard for compari- 
sons of unbalanced antenna types. Half wave dipoles 
are a logical choice for balanced types. Of course 
other types of antennas may be used as well, providing 
their characteristics reference to the primary standard 
are known. 


(4) A further comparison of standard reference 
antennas to include vertical radiation patterns is shown 
in Figure 2-2a. This graph is based on unattenuated 
field strength in millivolts per meter at one mile with a 
radiated power of one kilowatt. This is a standard 
value to which antenna engineering calculations may be 
referenced mathematically and is particularly useful in 
propagation path calculations. (Attention is called to 
Paragraph 2-35 for a discussion of radiation patterns 
and their influence on antenna selection.) An example 
of the use of such a chart (Figure 2-2a) follows, using 
a model range for empirical measurements. 


(a) It is desired to make preliminary tests on 
a new conical monopole design. The design data is 
scaled down to ar electrical size set arbitrarily at a 
quarter wave length at 940 mc. Scale models may be 
readily used due to the fact that there is a fixed rela- 
tionship between antennas of identical electrical dimen- 
sions. The antenna is set up on a model range. Among 
other measurements, field strength measurements are 
made of its radiated power at various frequencies and 
elevation angles. These results are plotted against 
quarter wave vertical radiators cut to the exact fre- 
quencies and operating under the same conditions as 
the conical monopole. Input power to both antennas 
are the same. A plot of relative voltages is laid out in 
a polar graph as shown in Figure 2-2b. It is important 
to note that the actual voltages need not be known as 
long as they are plotted to each other. 
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FIGURE 2-2¢ COMPARISON OF A QUARTER WAVE VERTICAL RADIATOR OVER PERFECT 
EARTH , GOOD EARTH, AND POOR EARTH. ALSO A HALF WAVE RADIATOR 
AGAINST THE STANDARD REFERENCE. 
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(b) Since these are RELATIVE VOLTAGES, 


then 
E, 
db = 20 log 10 — 
E, 

At 10 deg 20 log .9/.62 = 3.22 db gain of vertical 
over conical 
monople 

At 20 deg 20 log .84/.84 = 0 db (both antennas are 

equal) 

At 30 deg = 20 log 1.02/.79 = 2.28 db gain of conical 
monopole over 
vertical 

At 40 deg 20 log 1.06/.65 = 4.24 db gain of conical 


monopole over 
vertical 


(c) By referring back to Figure 2-2, it is found 
that a quarter wave vertical has a db gain of 5.161 over 
the primary reference, the Isotropic antenna. The fol- 
lowing may therefore be listed as the db gain of the 
conical monopole over an Isotropic at one particular 
frequency as evaluated on the model range. 


10 deg 1.94 db 
20 deg 5.16 db 
30 deg 7.44 db 
40 deg 9.40 db - 


(d) It should be remembered that model range 
antenna evaluations are usually conducted at ultra high 
frequencies under ideal earth or free space conditions. 
While they are a useful tool in judging the merits of 
antenna types prior to the construction of full scale 
models, additional measurements must be made on full 
scale models before evaluation may be considered 
complete. 

A discussion of earth conditions appearing 
in Paragraph 2-35. indicates that significant differences 
in results under field conditions may be expected. In 
addition, full scale antennas may act somewhat differ- 
ently from models due to conductor losses, coupling 
between elements, structural changes which may have 
been made to overcome mechanical problems, etc. 
Therefore, a discretionary attitude should be maintained 
in using model range evaluations as a guide in antenna 
selection. Some of the differences in radiation patterns 
which occur follow: 


1. Comparison of a quarter wave vertical 
radiator over perfect earth, good earth, and poor earth. 
Also a comparison of a half wave radiator over good 
earth and poor earth against the standard reference. 
See Figure 2-2c. 


2. Figure 2-2d compares a 2.5 mc sleeve 
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and a 2.5 mc discone antenna under simulated poor 
earth conditions referenced to a quarter wave vertical 
over perfect earth, all other conditions being equal. 
The graphs point out the change in vertical patterns as 
the frequency approaches upper limits of design. 

The foregoing has dealt principally with 
vertically polarized antennas and their radiation 
aspects, because of the greater effects of ground con- 
stants on the radiation patterns of vertically polarized, 
as comparea to horizontally polarized antennas. With 
the latter, variation in height above ground and the 
addition of elements are the controlling factors de- 
termining the vertical pattern and ground conductivity 
is of minor impact. Results to be expected from hori- 
zontally polarized systems can readily be predicted. 
In the case of vertical polarization, ground conditions 
are one of the primary interests in the consideration of 
antennas designed for this orientation. 


Constant effort is being expended in at- 
tempts to improve antenna evaluation techniques in 
order to obtain more efficient designs and to more ac- 
curately predict the field results which may be expected 
from some of the more complex antenna structures 
under development at present. 


d. ANTENNA SEPARATION.—At shore activities 
where multiple antenna installations are involved, the 
question of antenna separation, area requirements, and 
area availability are factors which must be considered. 
VLF high power transmitting antennas require indivi- 
dual engineering and a VLF station is usually set up 
at a separation from other antennas as determined by 
individual engineering study. Other antennas which 
are discussed in detail in the following paragraphs re- 
quire separation from each other and from other types 
as indicated in Table 2-3. 


TABLE 2-3, ANTENNA SEPARATION 


Doublets One wavelength 
Rhombics 250 feet (see Note 1) 
Vee 250 feet 

Sleeves Transmitting, four times 


tower height; Receiving, 
three times tower height. 
(see Note 2) 


90 degree corner See Note 2 
reflector 
180 degree sector See Note 2 


Conical monopole 1 wavelength (see Note 3) 


Discone, grounded cone 1 wavelength (see Note 3) 
Discone, regular 2 wavelengths 
Log periodic 


Yagis 


1 wavelength (see Note 3) 
1 wavelength 


Top-loaded tower 1000 feet 
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FULL SCALE FREQ. 3.125 MCS. 
MODEL FREQ. ISOMCS. 


FULL SCALE FREQ 625 MCS 


LE FREQ. 5.21 MCS. 
MODEL FREQ, 300MCS. 


LL SCA 
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FIG. 2-24 VERTICAL PATTERNS, SLEEVE VS DISCONE, 2.5 MC. 
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Note 1: Rhombics should not be laid out to “fire 
through” one another. 250 foot separation has 
been established and is based on coupling not 
to exceed minus 40 DB. Using closer spacing 
will result in greater coupling and increased 
side lobe levels. In the use of two receiving 
rhombics for a given circuit, the smaller rhom- 
bic symmetrically located inside the larger is 
recommended. A study is being made of like 
possibilities for transmitter rhombics. In 
order to further utilize the large area of land 
required for a rhombic, vertical radiators may 
be erected inside the rhombic if sufficient 
clearance from rhombic curtain and dissipa- 
tion line is maintained. Use of this area for 
horizontally polarized antennas, however, is 
not recommended. 

Note 2: The coupling between corner antennas and 
other structures is quite complex and depends 
on a number of factors. The following general 
criteria apply: 

(a) Antennas of small obstruction such as 
sleeves located in line with the corner beam 
should be spaced at least one wavelength and 
preferably two wavelengths at their lowest de- 
sign frequency. 

(b) At the present time, it is assumed that 
rhombic antennas will not adversely affect the 
corner antenna patterns providing the vertical 
down-leads of the rhombic antennas are at 
least 250 feet from the beam center. 


(c) An object in the direct beam such asa 
metal tank or building should be at least 1000 
feet from the corner reflector. If there are 
several buildings, the spacing should be 
doubled. If the objects are removed from the 
beam by 90 degrees, the spacings can be re- 
duced by half. Buildings containing noise 
sources should not be placed in the beam of 
the antennas or immediately adjacent to them. 
(The reflector is not a perfect shield but gives 
an estimated 10 DB of noise isolation.) 

Note 3: Pending further study. 
e. ANTENNA TYPES. 

(1) VLF ANTENNAS.—This requirement involves 
high power transmitter applications which are resolved 
as special cases to meet specialized requirements. 
Multiple tower construction is usually indicated in 
order to obtain maximum effective radiation. At re- 
ceiver stations, long wire or loop antennas are used 
with poles for support. 


(2) LOY FREQUENCY ANTENNAS.-—In the lower 
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frequency range, antenna engineering is principally a 
problem in circuit design and involves obtaining maxi- 
mum efficiency from an electrically short antenna. 
Where the need for high power exists, the resulting 
large antenna currents and voltages call for special de- 
sign techniques. Since the cost of the antenna and 
ground system may exceed, by several times, the cost 
of the equipment, it is important that the increase in 
performance and gain of the system be balanced against 
the increase in cost. The objective of the design en- 
gineer, then, is to obtain an antenna that is electrically 
as long as possible with the funds available. 


The radiation fields of low-frequency anten- 
nas are vertically polarized. The usual antenna con- 
figurations for operation in this frequency range are 
towers, vertical wires, and top-loaded wires or towers. 
Figure 2-3 shows a low frequency radiator with table 
indicating height recommended for various transmitter 
power ratings. A vertical unbalanced antenna working 
against poor ground system may induce high losses in 
the soil. Top loading at these frequencies improve 
the efficiency in the radiating system. 


Where space and economic factors permit, 
vertically polarized antennas should preferably be 
separated at least one wavelength. 

(3) HIGH FREQUENCY MARCONI ANTENNAS.— 
An end-fed slant or vertical conductor of arbitrary 
length is commonly referred to as a Marconi antenna. 
Since the antenna radiates throughout its length, 1.e., 
from the transmitter cabinet on, the result is a cluster 
of antennas in and out of the transmitter building. 
Serious intercoupling usually results. The effects of 
intercoupling manifest themselves by interaction in 
the tuning of the transmitters, generation of spurious 
signals, and reduced antenna radiation efficiency. 

No pattern control is possible with the Mar- 
coni antennas since they may be used at nearly any 
frequency, irrespective of physical length. Further- 
more, unless they are used with good ground systems, 
ground losses are high. For the above reasons, this 
antenna is no longer approved for general use. The 
sleeve, doublet, and other types have replaced it at 
medium and high frequencies. 

(4) DOUBLET ANTENNAS. 

(a) SINGLE WIRE DOUBLET.-A center-fed 
half-wave doublet has a driving point impedance which 
is nominally 70 ohms, and may vary from 60 to 100 
ohms depending upon the height above ground. The 
fundamental bandwidth may be defined as the band of 
frequencies in which the magnitude of reactance does 
not exceed the resistance. It is more convenient, 
however, to define the bandwidth as the range of fre- 
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quencies in which VSWR does not exceed the value of 
1.5 to 1. The selectivity is greatly affected by the 
conductor size, or more precisely by the ratio of 
length to diameter of the conductors forming the an- 
t nna. As a typical example, the use of No. 6 wire 
for a half-wave doublet will give a bandwidth of ap- 
proximately 5% at four mc. Such an antenna therefore 
could be used without retuning, only at frequencies 
within 200 kc of this design frequency. 

Because of the advantages of the folded 
doublets outlined below, the single wire doublet is 
not approved for future installations. 


(b) TWO- AND THREE-WIRE FOLDED 
DOUBLETS.-—One limitation inherent in the single- 
wire radiators is that of the power handling capability. 
In general, the power handling capability is increased 
by the same methods that are used to increase band- 
width, i.e., either increased conductor size or the use 
of multiple conductor configurations. Since power 
limitations are established by corona potentials, any 
reduction in potential gradients through the use of 
thicker elements and in greater numbers, permits in- 
creased power input. The major advantages of the 
two-wire folded doublet over the single-wire doublet is 
the higher power handling capability of the two-wire 
antenna, and a slightly greater natural bandwidth. For 
these reasons, the use of the two-wire folded doublet 
is recommended in lieu of the single-wire antenna. 


The driving point impedance of a folded 
doublet is controllable over a relatively wide range by 
the appropriate selection of the number, spacing, and 
radii of the conductors. The two most common con- 
figurations are the simple two-wire and three-wire 
doublets. Number six wire and spacings in the order 
of 12 inches between elements for frequencies below 
16 mc, and spacings in the order of six inches above 
16 mc, are normally used. The two-wire version has a 
driving point impedance of approximately 300 ohms, 
while the three-wire doublet has an impedance near 
600 ohms. These impedances also vary with height 
above ground in a manner similar to a single-wire 
doublet. 

A direct match to the standard 600-ohm 
transmission line is possible in the three-wire doublet 
and by judicious selection of stub length and distance, 
this antenna may be stubbed to cover a frequency 
range of approximately 1.22 to 1 with VSWR not ex- 
ceeding 1:5 to 1. This permits sharing circuits when 
needed within this frequency range. 

Bureau of Ships Drawings RE 66F 2034, 
RE 66F 2036, RE 66F 2037, RE 66F 2048, and RE 
66F 2077 show detailed electronic requirement draw- 
ings of the transmitting and receiving versions of the 
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two- and three-wire folded doublet antennas. 


(c) TILTED DOUBLET.-—Due to the height 
of poles required, it is normally not practicable to 
build a vertical doublet for use much below five mc. 
For this reason, the tilted doublet is sometimes used 
in an effort to improve low-angle coverage off the ends 
of the antenna. Refer to Bureau of Ships Drawings RE 
66F 2045 and RE 66F 2051 for details of the tilted 
transmitting and receiving antennas. 


(d) STUBBING DOUBLET ANTENNAS.— 
Stubbing of transmission lines is a technique used to 
match the impedance of the transmission line to that 
of the antenna. This insures low transmission line 
VSWR, facilitates antenna tuning for frequency re- 
assignment, and affords a convenient means of light- 
ning protection. The parallel stub line method of 
stubbing consists of connecting a short section of 
shorted transmission line to the main transmission 
line at a point near the antenna, adjusting and ground- 
ing the stub. 


Detailed step-by-step procedures for the 
stubbing of any doublet antenna may be found in Ap- 
pendix ITA. 


(e) TERMINATED FOLDED DOUBLET.~A 
further variation of the folded doublet is the terminated 
folded doublet. In this form a terminating resistance 
equal to the characteristic impedance of the feeder is 
employed so that the radiating elements carry travel- 
ing waves and not standing waves. The efficiency of 
this antenna varies between 20 and 60 percent and a 
VSWR which varies between 1 and 3.5 to 1 when used 
between 4 and 26 mc. The horizontal and vertical ra- 
diation patterns are made up of many lobes. However, 
it is an antenna into which one transmitter can be 
loaded without switching, and this one feature is be- 
lieved to justify the compromised impedance and pat- 
tern characteristic. It is recommended for use as a 
spare or casualty antenna only. 

The Bureau of Ships is constantly striv- 
ing, by continued research, to improve the efficiency 
of antenna systems and hopes to replace this antenna 
in the future with one having equivalent power capac- 
ity, a higher efficiency, and better radiation charac- 
teristics over this wide range of frequencies. 

(f) APPLICATION FOR GENERAL COVER- 
AGE REQUIREMENTS.-—A final important considera- 
tion, and one that is common to all balanced half-wave 
horizontally-polarized doublets, is that of the radia- 
tion pattern characteristics. Since the vertical-plane 
radiation characteristics of a horizontal half-wave 
doublet are greatly influenced by the height above 
ground, it is important that this dimension be optimized 
for each installation. The ground constants have 
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some influence on the pattern and field strength, but 
for these antennas with heights greater than 0.2 wave- 
length, the effects are of second order. For all re- 
quirements except those in which very low angle radi- 
ation is desired, a distance of one half-wave length 
above ground is optimum. When wave angles of five 
degrees are important, the height may be increased to 
0.6 to 0.7 wavelength. However, serious departure 
from omni-directivity is coupled with low-angle radi- 
ation from this type of antenna. At wave angles of 15 
degrees or less, very little radiation takes place in 
horizontal sectors off either end of the doublet. Fig- 
ure 2-4 shows the vertical-plane radiation patterns of 
a vertical half-wave antenna and Figures 2-4a and 
2-4b show the patterns for a horizontal half-wave an- 
tenna at different heights above a perfectly conducting 
ground. 

(g) DOUBLET ARRAYS.—Doublet arrays, 
both horizontal and vertical, are used for broadcast 
and ship-to-shore circuits where sector coverage is 
desired. The use of such arrays reduces radiation in 
undesired directions and provides a small amount of 
forward gain. Some of the advantages of antenna ar- 
rays are: 

1. More efficient use of transmitter power 
by concentrating the energy in the desired sector. 
This results in greater transmission distances with no 
increase in power. 

2. Less interference to other services by 
the reduction or elimination of radiated power in un- 
wanted directions, and a larger signal-to-noise ratio at 
the receiver. 


3. More energy extracted from the passing 
field by such a receiving antenna. 

4. Several DB improvement in signal-to- 
noise ratio at the receiver. With external random 
noise coming in from all directions, larger improve- 
ments in signal-to-interference may be possible when 
the interfering signal is arriving from other than the 
direction of the incoming signal. 


There are two types of horizontal and 
vertical doublet arrays presently being employed at 
shore communication stations, the parasitic and the 
driven arrays. Both types consist of two identical 
folded doublets. Parasitic elements can be used to 
form, with driven antennas, quite effective directive 
systems and are easier to adjust than the driven array. 
Bureau of Ships Drawing No. RE 66F 2032 shows the 
Parasitic array. One type of driven array presently in 
Operation at major transmitting stations for broadcast 
purposes is based on two identical vertical doublets 
spaced 90 degrees on a great circle bearing toward the 
desired service area. Both doublets are fed with 
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equal currents with the currents with the current in the 
front doublet having a positive 90-degree phase angle. 
These parameters produce a typical cardioid radiation 
pattern covering approximately 180 degrees in the for- 
ward direction with a three DB gain over a single- 
element antenna. Most of the radiation in the vertical 
plane is below 40 degrees, increasing as the angle ap- 
proaches the horizontal. Folded doublets are used in 
the design to obtain high input impedance and to fa- 
cilitate impedance matching. 

These antennas are tunable over the same 
range of frequencies as the doublet antennas previ- 
ously described. While the element spacing in terms 
of wave-length may vary appreciably, acceptable front 
to back ratios can be maintained. 

The centers of the doublets should be as 
near one-quarter wavelength above ground as possible. 
In consideration of personnel safety, however, the 
lower metallic end of each doublet is kept eight feet 
above the ground level. To avoid unstable line cur- 
rents, radiation pattern deviation and wind damage, 
the doublet wires are held taut by the use of appropri- 
ate weights on the bottom of each doublet. The feed 
lines should be brought to the doublets as nearly at 
right angles as practicable (not less than 60 degrees) 
to minimize inductive coupling from lines to doublets. 
The lowest frequency for which this antenna may be 
employed is dependent on practical pole-splicing limi- 
tation permitted by local wind, ice loading, and other 
structural considerations. 

The step-by-step tuning procedure for this 
type array will be found in Appendix IIB. 

(5) HF SLEEVE ANTENNAS. 

(a) OMNI-DIRECTIONAL.~Appendix VII con- 
sists of a copy of Report 478 of the NEL entitled 
“Broadband Sleeve Antenna for Omni-Directional Shore 
Station Use,” by W. E. Gustafson, T. E. Devaney, and 
N. H. Balli, of 15 March 1954. The sleeve antenna 
has been the “work horse” of broadband antennas for 
Navy use. It covers a 3:1 frequency range presenting 
3:1 or less VSWR based on 75 ohms. Sleeves for a 
number of frequency ranges were developed and stand- 
ards issued as BuShips Drawings RE 66F 2073 and 
RE 66F 2075. RE 66F 2173 are the complete manu- 
facturing drawings for aluminum kit type sleeves. The 
sleeve as well as being one of the first and readily 
available broadband antennas has two inherent advan- 
tages. First, it is fed above ground level, lessening 
snow accumulation problems and R. F. hazards to per- 
sonnel and livestock in the area. Second, it presents 
a relatively small electrical obstruction, i.e., its in- 
fluence on other antennas in the antenna field is not 
as severe as with some other types. As with all of 
the broadband antennas in this section, the sleeve is 
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BEARING BEARING 


MODEL FREQUENCY 120 MC MODEL FREQUENCY, 220 MC 
BEAMWIDTH 1486 DEGREES BEAMWIDTH !65 DEGREES 
FULL SCALE FREQUENCY 4.0 MC FULL SCALE FREQUENCY 7.34 MC 
BEARING BEARING 
O00 


MODEL FREQUENCY 340 MC MODEL FREQUENCY 380 MC 
BEAMWIDTH I76 DEGREES BEAMWIDTH 180 DEGREES 
FULL SCALE FREQUENCY I!.3MC FULL SCALE FREQUENCY 12.7 MC 


FIG.2-5b AZIMUTHAL PATTERNS BROADBAND 180 DEGREE SECTOR ANTENNA 
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FIG.2-5c CORNER REFLECTOR, 90 DEGREE SECTOR ANTENNA ARRAY 
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FIG 2-5e VERTICAL PATTERNS AND REACTANCE CHART, 9ODEGREE CORNER REFLECTOR 
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MODEL HORIZONTAL DIRECTIVITY PATTERNS OF 90-DEGREE-CORNER ANTENNA. AZIMUTHAL VOLTAGE PLOT. 
SPACING 15/64 WAVELENGTH, SIDE WIDT:! 1/4 WAVELENGTH, HEIGHT 9/32 WAVELENGTH, ALL AT SLEEVE 
BASE FREQUENCY OF 120 MC. 26 WIRE DROPS PER SIDE. 


FIG. 2-5f AZIMUTHAL PATTERNS,90 DEGREE CORNER REFLECTOR 
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fed with coax. In siting, care should be taken to keep 
the transmission lines short. 

BuShips Drawing RE 66D 160 shows 
sleeve antenna obstruction lighting details. 

(6) 180 DEGREE COVERAGE.-—The sleeve 
antenna is also suitable for use in directive arrays. 
Figure 2-5 shows dimensions of a broadband sector ar- 
ray. It may be operated over a 3:1 frequency range 
with a VSWR based on 75 ohms of approximately 3:1. 
Figure 2-5a and 2-5b shows vertical and azimuthal 
model range patterns. The array provides 2 to 3 DB 
gain over that obtained by an omni-directional sleeve. 


Sector antennas built to date have covered the 4/12 
me and 9/27 mc frequency range. Additional informa- 
tion may be obtained from NEL Report 578, “Broad- 
band 180 Degree Sector Antenna” and BuShips Draw- 
ings No. RE 66F 2115 and RE 66F 2116. 


(c) CORNER REFLECTOR.-—A further adap- 
tation of the sleeve is in the Broadband 90-Degree 
Corner Reflector Antenna (Figures 2-5C and 2-5d), 
NEL Report 691... Figures 2-5e and 2-5f shows im- 
pedance curves with vertical and azimuthal model 
range patterns. A gain of approximately 5 DB over an 
omni-directional sleeve is obtained. Recommended 
arrangements to obtain 90, 180, 270, and 360-degree 
coverage from two frequency range antennas, 4-11 mc 
and 10-27 mc, follows. . 

1. 360 DEGREE, 4-27 MC.—Four 90- 
degree, 4-11 mc corner arrays should be grouped in a 
rosette arrangement, the reflector sides being common 
for the four antennas. The 10-27 mc antennas should 
consist of two 180-degree arrays placed on opposite 
sides of the 4-11 mc rosette. None of the higher fre- 
quency antennas will then be pointed toward the 
lower frequency rosette. The best patterns are ob- 
tained when the higher frequency arrays are placed in 
line with the lower frequency array reflecting screens 
such that the centers of the lower frequency beams do 
not illuminate the smaller sectors. A minimum spac- 
ing of 270 feet is recommended with greater spacings 
desirable. Greater spacings may require longer trans- 
mission lines, therefore necessitating compromises in 
the majority of installations. 

2. 270 DEGREES, 4-27 MC.—One rosette 
for lower frequency coverage and one rosette for high 
frequency coverage is recommended. The small rosette 
should be placed in line with the center of the middle 
sector of the large rosette and oriented such that its 
unused sector points directly toward the large rosette. 
Recommended minimum spacing is 480 feet between 
the closest portion of the rosettes. ; 

3. 180 DEGREES, 4-27 MC.—Two arrays, 
each consisting of two 90-degree corner antennas with 
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a common screen should be used. The smaller array 
should be placed in front of the larger and in line with 
the common reflecting screen. The recommended mini- 
mum spacing is 270 feet with 400 feet preferred. 


4. 90 DEGREES, 4-27 MC.—For 90-degree 
coverage, the higher frequency antenna may be placed 
in front of the lower frequency one at a minimum of 
400 feet. Alternatively, it may be placed 45 degrees 
off the lower frequency beam center at a minimum of 
270 feet. If side by side arrangement is used, the 
minimum spacing should be 400 feet. 


5. GROUND SYSTEM.—Since the corner 
reflector arrays are relatively costly and are used 
only where the requirements of gain and/or front-to- 
back ratios are mandatory, extended ground radial sys- 
tems, i.e. 2-1/2 wavelength radials, are most always 
incorporated. If the corner antennas are sited as 
herein indicated, overlapping ground radials will re- 
sult. If the soil conductivity is poor and considerable 
signal strengths are present, interference may be gen- 
erated by the nonlinear points of crossing ground 
radials. This interference potential is being further 
studied. Assuming that it is desired to keep the 
radials from touching, several solutions are suggested: 


(a) Use a ground mat such as that used 
for HF DF ground systems in lieu of radials in the 
areas of overlapping ground systems. 


(b) Use insulated wire such as stand- 
ard Navy Stock No. N-16-W-3740-1, conforming to MIL- 
W-17211. 


(c) Bury the radials at different depths, the 
higher frequency antenna radials nearer the surface (the 
radials need not be buried except for mechanical reasons). 

Installation of the grounds need not be 
perfectly flat. Estimated limits on ground plane con- 
tour are 10%, i.e., five feet elevation in 50-feet length, 
in the area of the antenna out to approximately twice 
the antenna height. Beyond that point a 20% slope 
could be tolerated. Slight variations in the 3-degree 
spacing of radials is also tolerable. If a stump, rock 
or other radial obstruction exists, the radial could be 
“run around” the object. 

The recommended ground system for 
this type of antenna consists of radials 2.5 wave- 
lengths long, spaced at 3 degrees. In areas where re- 
duction in the recommended ground radial length is re- 
quired, the following general reductions in low angle 
radiation can be expected: 


(a) 5/4 wavelength 3 db. 

(b) 1/4 wavelength 6 db. 

It is not expected that impedance 
characteristics will be effected by the change in radial 
lengths. 
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6. TOLERANCES. 


(a) The width of the reflecting screen 
is relatively critical. 

(b) A 10% sag in the reflector catenary 
may be tolerated. The shortest wire in the screen, 
i.e., the bottom of the catenary, should be used for 
screen height determination. 


(c) The variation of the sleeve base 
line height with respect to the screen base line may 
be plus or minus 10%. 


(d) The distance between the sleeve 
and the screen may vary plus or minus 5% of that spe- 
cified as optimum. 


(e) The dimensions of the sleeve itself 
should be held to within plus or minus 2-1/2%. 


(6) CONICAL MONOPOLE ANTENNA. 


Some of the objections to the sleeve antenna 
were its height and difficulty in obstruction lighting. 
The conical monopole was developed to overcome 
these difficulties. See Figure 2-6. Figure 2-6a shows 
its dimensions; Figure 2-Gb sample model range verti- 
cal patterns; and Figure 2-6c impedance. Additional 
information may be obtained from NRL Memorandum 
Report 871 of 8 November 1958 by M. L. Leppert, Sup- 
plement No. 1 of 10 December 1959, and Bureau of 
Ships Drawings RE 66F 2121. Although the impedance 
excursions permit 6:1 bandwidth operation, for station 
design purposes 4:1 based on pattern has been estab- 
lished. The antenna is suitable for powers up to 50 
kw. Aluminum kits have been developed. Figure 2-6 
shows such an antenna. As standard plans become 
available, they will be promulgated. Figure 2-6b 
shows vertical patterns relative to a quarter wave 
monopole. 


(7) DISCONE. 


There are several versions of HF discones 
iricluding grounded cone discones, inverted discones, 
elevated discones, etc. Figures 2-7, 2-7a, and 2-7b 
show general dimensions and types. The discone ele- 
ment presents an exceptionally flat impedance over a 
wide frequency range (2:1 VSWR over 10:1 frequency 
range) and as such is useful especially as a spare 
antenna. A further advantage of the discone of Figure 
2-7a is that it requires no ground radial system. The 
vertical pattern, however, is questionable above a 3:1 
bandwidth. In addition, separation between antennas 
of about twice that required for sleeves or conical 
monopoles is required. 

An adaption of the basic discone is the 
grounded cone discone. It has a radial ground sys- 
tem but is considerably smaller than other discones. 
It was developed mainly for air station application, its 
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main advantages being its low height, ease of obstruc- 
tion lighting and wide “impedance bandwidth.” Bu- 
Ships Drawing No. RE 66F 2118 shows construction 
details. 

(8) YAGI ANTENNAS. 


Parasitic rotatable beam antennas furnish 
considerable gain in a small amount of space. They 
are inherently single frequency devices, however, and 
as such do not find broad Navy use. 

(9) LOG PERIODIC. 


Log Periodic Antennas (LPA) have impedance 
characteristics of 2:1 VSWR or less over a 10:1 fre- 
quency range. Their real estate requirements appear 
moderate and although their gain is not great, by proper 
design vertical patterns may be established and con- 
trolled over the full frequency range. Horizontally and 
vertically polarized LPA’s as well as rotatable LPA’s 
have been developed. It should be pointed out that 
the compactness of the rotatable version is gained 
only at the expense of compromising vertical pattern. 
Figure 2-8 shows typical vertical patterns obtained 
with a rotatable LPA. A 60-degree azimuthal beam 
width is average. The Bureau of Ships is developing 
a design handbook for LPA antennas so that their fea- 
tures may best be adapted to given point to point or 
sector coverage requirements. The book will be pro- 
mulgated upon completion. 


(10) RHOMBIC ANTENNAS. 


Rhombic antennas consist of straight wires 
arranged in the form of a rhombus. For most HF appli- 
cations, the antenna is suspended horizontally from 
four poles at a height determined by the desired verti- 
cal angle for maximum radiation. The sides are usually 
long, compared to a wavelength, and one of the acute 
ends of the rhombic is terminated in a resistance equal 
to its surge impedance. The transmission line is con- 
nected to the opposite apex. 


The most important characteristics of an an- 
tenna are its impedance and its radiation pattern. A 
correctly terminated rhombic antenna presents an es- 
sentially constant impedance at its input terminals. 
Measurements in the frequency range from 7 to 20 inc 
on a single-wire rhombic antenna terminated in an 815- 
ohm resistor, show variations in the resistive com- 
ponent of the input impedance from a minimum of 660 
ohms to a maximum of 830 ohms. This antenna would 
provide an adequate match for a 600-ohm transmission 
line over this frequency range; the maximum VSWR be- 
ing about 1.5 tol. 

When determining the location of rhombic an- 
tennas, the sites must be chosen so that the trans- 
mission paths are not obstructed vertically in excess 
of five degrees in the required direction. Some of the 
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Fig.2-6c Conical Moropole Antenna Impedance Relative to 70 Ohms 
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advantages are simplicity of construction, ease of 
maintenance, favorable impedance characteristics over 
a large range of frequencies, and the relatively high 
gain which can be achieved over a reasonable band of 
frequencies. 


Another important advantage is the ability to 
simultaneously receive two signals, separated in azi- 
muth by 180 degrees, and still retain its unidirectional 
characteristics for reception in either direction. When 
used in this manner, separate coaxial transmission 
lines must be run from each end of the antenna, and 
both ends of the antenna must be correctly terminated 
to its transmission line through antenna matching 
transformer NT 471138. It is particularly important in 
order to maintain unidirectivity that the transmission 
lines from the antenna be terminated in a multicoupler 
at the receiver building, such as the CU 656/U or the 
CU 168/FRR to continuously provide a termination of 
the transmission line in its characteristic impedance. 
These multicouplers are designed to have a nominally 
constant input impedance of 75 ohms regardless of re- 
ceiver inputs and is, therefore, a satisfactory termi- 
nating impedance for the cable when matched by the 
transformers for either end of the rhombic. The cable 
alone cannot be considered as a “far end” terminating 
impedance as the attenuation of approximately 5000 
feet of open-ended RG-85A/U at two mc is only 4.77 
DB. Computation would indicate a probable VSWR of 
two to one. Similarly, the attenuation of 2000 feet at 
ten mc gives a VSWR of two to one. Therefore, even 
an extremely long cable is something less than an 
“infinite line.” 

A nominal forward gain can be simultaneously 
maintained from both ends of a double-ended rhombic 
and the useful frequency range of the rhombic is not 
impaired. Also, in the case of transmitting, the direc- 
tion of transmission may be reversed by installing the 
necessary switching devices between the antenna, the 
dissipation line, and the transmission line. Care must 
be exercised in designing the rhombic in either case 
to insure the best compromise of desired vertical pat- 
tern for both ends. Some of the disadvantages of the 
rhombic antenna are the large amount of space required 
for construction, power dissipated in the terminating 
resistance, variation of the radiation pattern with 
changes in frequency, and the large number of second- 
ary lobes. 

Instead of using a single wire rhombic, a 
better match to a 600-ohm transmission line is obtained 
by making each leg of the rhombus consist of two or 
more wires connected in parallel, the spacing between 
wires being larger at the corners than at the apex. 

The characteristic impedance is thereby lowered while 
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it is, at the same time, kept more uniform along the 
length of the antenna. It has also been determined 
that the use of the multiple-wire rhombic, when used 
for receiving reduces the noise caused by precipitation 
static, thereby improving the signal-to-noise ratio of 
the system when these conditions exist. An estimated 
6 DB improvement in signal-to-noise ratio can be ex- 
pected. Because of the advantages listed above for 
the three-wire rhombic, it is the only type rhombic 
presently recommended for installation at transmitting 
or receiving stations. 


The terminating impedance of rhombic anten- 
nas is usually resistive. Receiving rhombics are nor- 
mally terminated in a 600-ohm non-inductive resistor. 
With transmitting rhombics for average powers of 3 kw 
and below a lumped dissipator is recommended. For 
greater powers dissipation lines and dissipation lines 
combined with lumped dissipators are recommended. 
BuShips Drawing RE 66F 2079 shows recommended 
terminations. 


Ferromagnetic stainless steel wire is used in 
the construction of dissipation lines. A more than six- 
fold increase in attenuation is obtainable when using 
ferromagnetic wire instead of non-ferromagnetic wire. 
The use of AISI type 446 stainless steel #10 AWG 
wire is recommended for use in the construction of dis- 
sipation lines. To insure that the correct terminating 
impedance is being used, newly constructed rhombic 
antennas or terminations should be checked by measur- 
ing the VSWR on the transmission line over the entire 
frequency range for which the antenna is to be used. 
Adjustments of the terminating load may be required in 
order to obtain the best possible impedance match over 
the range. 


It is not difficult in practice to match a rhom- 
bic antenna to a 600-ohm transmission line, within a 
VSWR of better than 1.5 to 1 over a six to one range in 
frequency. From this point of view alone, such an an- 
tenna is a broadband radiator. When the radiation pat- 
tern is considered, however, the useful frequency 
range over which a given rhombic antenna can operate 
is considerably smaller. The angle of elevation above 
the horizontal of a rhombic antenna and, therefore, the 
power gain in the direction of the principal lobe varies 
as a function of the frequency. Depending on the fre- 
quency of transmission, the main lobe of the radiation 
pattern may be several degrees above or below the re- 
quired angle. While the gain in the direction of the 
principal beam remains fairly constant, the gain of the 
rhombic in the required directions may be very small 
indeed. The performance of a rhombic antenna in many 
cases may be very much worse than that of a horizontal 
doublet antenna cut for the required frequency and sus- 
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pended at the proper height above ground. In general, 
the radiation pattern in the vertical plane limits the 
useful frequency range of rhombic antennas to about 2 
tol. This fact is often overlooked in the actual use 
of such antennas. 


Satisfactory communications are sometimes 
obtained by the use of rhombic antennas over a fre- 
quency range of as much as six or more to one, but it 
is accomplished, at least part of the time, because of 
the following reasons: 


(a) One of the numerous secondary lobes of 
the antenna pattern may launch a Signal over trans- 
mission paths involving an increased number of hops. 
Such paths, however, usually offer higher attenuation 
than those using a smaller number of hops. These 
secondary lobes are often a source of interference at 
offbearing locations. 


(b) The RF power available from the trans- 
mitter may be sufficient to make up for the decrease in 
antenna gain, provided the pattern has not been shifted 
to a complete null in the desired direction. 


A considerable share of circuit outage must, 
however, be attributed to this type of usage of rhombic 
antennas. In order to decrease the occurrence of cir- 
cuit outages it is recommended, when practicable, that 
the rhombic antennas be used over a more restricted 
range of frequencies than is the current practice. It is 
realized that non-availability of land, in some cases, 
will not permit the construction of sufficient rhombic 
antennas for such operation. The practical application 
of this recommendation to the rhombic antennas will be 
discussed below. 


Rhombic antennas are more directive in the 
horizontal plane than in the vertical plane. Therefore, 
they should not normally be used for transmissions de- 
viating by more than three to five degrees from the di- 
rection of the major axis of the rhombus. Figure 2-9 is 
a typical example of the behavior of the radiation pat- 
tern in the horizontal plane. The curves show the gain 
of the rhombic in off-course directions relative to the 
gain in the forward direction, as a function of the 
length of one of the legs of the antenna. The leg 
length is given in wavelengths so that this scale is 
Proportional to frequency. At a frequency correspond- 
ing to a leg length of 5.5 wavelengths, there is a null 
in the radiation pattern at ten degrees from the main 
axis of the antenna. For angles 20 degrees removed 
from the major axis of the rhombic, the null occurs at 
a lower frequency, corresponding to a leg length of 3.5 
wavelengths. The apparent gain in the directions off 
the side for leg lengths above about seven wavelengths 
is due to the fact that the main lobe in the forward di- 
rection splits into two parts at the corresponding fre- 
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quencies. A rhombic antenna should, of course, never 
be used at the frequencies where this takes place. 
Figure 2-10 is presented as an illustration only. De- 
tails of the curves depend on the tilt angle of the an- 
tenna and on the vertical elevation of the principal 
lobe. In general, the horizontal beam width decreases 
with increasing frequency. This should be borne in 
mind when making use of rhombic antennas for trans- 
missions in directions other than that of the major 
axis. 


The question of how far apart rhombic an- 
tennas must be placed in order to produce negligible 
mutual coupling is an important one. Little quantita- 
tive information is available as to the minimum allow- 
able spacing between antennas. Until such time as 
more information is available, one wavelength at four 
mc or a minimum of 250' is required. Placing one 
rhombic antenna directly in the main beam of another 
should be avoided. 


Bureau of Ships Drawings RE 66F 2017 and 
RE 66F 2019 show details of three-wire receiving and 
transmitting rhombics, respectively. For design infor- 
mation on rhombic antennas see NAVSHIPS 92564. 


A final word should be added about the termi- 
nating impedance of rhombic antennas. The radiation 
pattern in the forward direction is very little affected 
by the presence or absence of the termination. Radia- 
tion in the backward direction, on the other hand, is 
directly dependent on whether or not power is being 
absorbed at the forward end of the antenna. In the ab- 
sence of a termination, with the apex either open- or 
short-circuited, a reflected wave is set up on the an- 
tenna which radiates in the backward direction. Toa 
first approximation, about half of the power is in the 
forward traveling wave and half in the backward travel- 
ing wave, when no termination is used. A resistive 
termination absorbs power for the backward traveling 
wave and therefore reduces the radiation in the back- 
ward direction only. Suppression of the back lobe is 
desirable, however, since signals from a high-power 
RF source over a high-gain antenna may cause inter- 
ference many thousands of miles away from the trans- 
mitting station. The chances for mutual effects be- 
tween antennas on the site are also greatly increased. 
For these reasons, as well as for proper matching of 
the transmission lines, rhombic antennas should be 
carefully terminated, and so maintained. 


(11) VEE ANTENNAS. 


Two wires combined to form a V, at such an 
angle that the main lobes reinforce along the line bi- 
secting the V, make an effective directional antenna. 
If the two sides of the V are excited 180 degrees out 
of phase, by connecting the two-wire feed line to the 
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Figur 2-10 
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apex of the V, the lobes add up along the line of the 
bisector and tend to cancel in other directions. The V 
antenna is essentially a bi-directional system when 
unterminated. When terminated, it provides a practic- 
ally unidirectional radiation pattern in the direction of 
the terminated ends. The gain of the V antenna de- 
pends upon the length (in wavelengths) of the wires in 
each leg. The V is a simple antenna to build and op- 
erate, provided that the necessary space is available, 
and can be operated satisfactorily over a frequency 
range of approximately three to one, although it is op- 
timum for only one frequency. Nevertheless, it will 
show considerable gain over a wide frequency range; 
the gain increasing as the frequency increases. The 
longer the V, the less will be the departure from opti- 
mum angle as the frequency is varied. Its principal 
advantage over the rhombic is the smaller amount of 
space required and can be used in place of the rhombic 
where gain may be sacrificed in order to conserve 
space. Its disadvantage lies in higher side lobe 
levels. 


The open ends of the V antenna should be 
terminated to ground through noninductive resistors 
having a value that may be varied from about 400 
to 800 ohms. The resistors should be adjusted for 
minimum standing waves on the feeders and the per- 
formance should be checked on several frequencies 
throughout the band. Terminating each leg of the an- 
tenna to ground provides lighting protection and static 
drain. The terminating resistors, in the case of trans- 
mitting antennas, should be capable of dissipating ap- 
proximately half of the power delivered to the antenna. 
The terminated V antenna is fed by a 600-ohm trans- 
mission line when used for transmitting. For receiving, 
RG-85A/U coaxial cable in conjunction with antenna 
matching transformer type NT 471138 is used. 

Bureau of Ships Drawings RE 66F 2028 and 
RE 66F 2055 give details of the electronic require- 
ments of the transmitting and receiving V antennas. 


f. VHF/UHF APPLICATIONS. 


(1) GENERAL.—Frequencies covered under this 
subhead are VHF (30-300 mc) and the lower portion of 
the UHF range (300 to approximately 400 mc). A dis- 
cussion of the upper portion of the UHF range will be 
found under the section devoted to “RADIO LINK 
SYSTEMS.” 

Because of the “line-of-sight” behavior of 
radio waves in the VHF/UHF range of frequencies, 
site and antenna selection depend upon the type of 
service to be provided. 

If application is for omni-directional ground 
communications such as local harbor circuits, engi- 
neering is concerned with obtaining elevation for max- 
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imum line-of-sight coverage and the selection of an 
appropriate omni-directional antenna. Where a choice 
of sites is possible, it is better to choose a site which 
will provide the maximum propagation path over water. 
This is because propagation even for short distances 
over land attenuates the signals much more than an 
equivalent distance over sea water. Where sector 
coverage is required, each case wili be considered 
separately and specifically engineered where con- 
sidered justified. Special consideration must be given 
to ground-to-air communications at these frequencies 
and this is discussed under AIR/GROUND COMMU- 
NICATIONS. 


The following discussion on antenna siting 
concerns principally point-to-point communications at 
these frequencies and is pointed toward site and an- 
tenna selection for this type of service. However, 
many of the principles apply to ship, shore, and mobile 
installations. 


(2) ANTENNA SITING.—The choice of an an- 
tenna site will depend largely on the nature of the 
local and intervening terrain. The longer circuits, 
especially those over difficult terrain, will require 
better siting at each end than a circuit which is to 
operate over a more favorable path. Similarly, multi- 
channel circuits require better antenna siting than 
single-channel circuits for a given distance between 
stations. For these reasons, planning of circuits and 
the selection of sites should always be preceded by a 
careful study of terrain maps and, wherever possible, 
detailed information concerning the nature of the ter- 
rain and the accessibility of desirable sites. This is 
particularly important when the proposed circuit re- 
quires the installation of intermediate relay stations 
in isolated areas. Although terrain characteristics 
and their effect on radio transmission vary, careful 
consideration of the factors summarized below should 
enable personnel to select suitable antenna sites. 

(a) WOODS AND JUNGLE.-—The following 
rules apply regardless of topography: 


1. Avoid dense woods, particularly when 
using the higher frequencies. If possible, locate an- 
tennas in sizeable clearings. 

2. When in proximity to woods or scat- 
tered trees, if vertical polarization is to be used, try 
several sites a short distance apart and select the 
one which gives the best results. If available, mobile 
test transmitters and receivers may be used to help 
select the best locations. 


3. In jungles, support antennas on masts 
extending above the jungle growth, or locate in clear- 
ings at least 100 yards in diameter and use the high- 
est mast available. Transmission over open paths 
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across a river or along open river valleys is recom- 
mended, where feasible. 


(b) FLAT TERRAIN.— 

1. Place the antennas well in the clear, 
and with sufficient height to allow for a good line-of- 
sight path if possible. 

2. Avoid depressions. Select any slight 
rise of terrain in the vicinity. 


(c) HILLY OR MOUNTAINOUS TERRAIN.— 


1. Hilltop installations providing line-of- 
sight paths between terminals usually provide the best 
results. One site highly elevated and the other site 
located near the base of an opposite hill may give 
better results when the transmission is over smooth 
earth or salt flats. 


2. Barren hills are preferable to wooded 
areas. It is essential that the antenna be located 
above surrounding trees. 


3. Try different locations at the same 
site and with different antenna heights. Wide varia- 
tions in signal strength may exist within small areas 
due to reflection from surrounding objects. 

4. Objects in the vicinity of either the 
transmitting or receiving antenna may distort its radi- 
tion pattern. Experiment with the orientation of either 
or both antennas to obtain maximum signal at the re- 
ceiver. 


5. If line-of sight locations are not avail- 
able choose antenna sites at each end so that the 
least bending of the radio wave is involved in clearing 
an obstructing hill. Avoid sites at the base of high 
intervening hills. 

6. The presence of river valleys and gaps 
between mountains should not be overlooked as a 
means of obtaining transmission paths devoid of high 
intervening hills. 


(dq) SEA WATER.~The field strength of a 
vertically polarized wave at 30 mc is practically con- 
stant from zero height up to heights of approximately 
300 feet, and increases very little more at 75 mc. 
Therefore, there is little advantage when operating 
below approximately 90 mc in increasing the height, 
unless it is possible to raise the antenna elevation 
above this level. There is an advantage in increasing 
the height of vertical antennas when operating over 
land. Vertical polarization is especially useful for 
communication with ships at these frequencies where 
antenna heights may be limited. Above approximately 
100 mc where the antenna height is at least several 
wavelengths, and the distance between stations is 
much greater than the heights of the antennas, there is 
very little difference in the field strengths of verti- 
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cally and horizontally polarized waves. 

(3) POLARIZATION.-—In all cases, the orienta- 
tion of the receiving antenna should be the same as 
that of the transmitting antenna. The simple vertical 
doublet or ground-wave antenna is nondirectional in a 
horizontal plane. This feature is advantageous when 
good communication is desired in all directions from 
the transmitting station. 

Vertical polarization is decidedly better than 
horizontal where antenna elevations are limited to very 
low heights, such as shipboard installations. This re- 
sults in a field strength at the receiver much greater 
than that obtained with horizontal polarization, using 
antennas at the same heights. This difference in re- 
ceived signal strength is greater in the lower portion 
of the VHF band, and gradually decreases as the fre- 


.quency is increased and the antenna heights reach 


several wavelengths. At higher frequencies there is 
little if any difference when the antennas are at least 
several wavelengths in height. Vertically polarized 
antennas are presently used for all ship-to-shore and 
air-ground VHF/UHF communications. 


In link circuits, the inherent directivity of a 
simple horizontal doublet is sometimes of advantage 
as a means of minimizing interference, and is less apt 
to pick up man-made interference which may be pre- 
dominately vertically polarized. 


(4) ANTENNA TYPES.—A complete discussion 
of all the various types of VHF and UHF antennas is 
beyond the scope of this book. Normally point-to-point 
or link circuits, consist of directional arrays. Ship-to- 
shore and air-ground circuits are omni-directional, ex- 
cept where sector coverage is desired. One very im- 
portant characteristic of VHF and UHF signals is their 
polarization, in that both transmitting and receiving 
antennas must be similarly polarized for best results. 
Since the physical size of antennas in this range of 
frequencies, especially in the higher portion of the 
band, are small, they are relatively easy to install. If 
carefully constructed and adjusted, they are highly 
efficient. 


(a) GROUND PLANE.—The ground plane an- 
tenna consists of a quarter-wave vertical radiator 
working against a rod structure simulating a ground 
plane. The ground plane serves to establish a stable 
antenna impedance characteristic by effectively com- 
pleting the antenna circuit. 


Navy types 66015 and 66091 are typical 
examples of ground plane antennas. NT 66015 con- 
sists of a 42-inch vertical radiator which is suitable 
for the frequency range of 60 to 80 mc. NT 66091 has 
a telescopic vertical radiator, variable from 18 inches 
to approximately 24-1/2 inches, and covers the band of 
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115 to 156 mc. Both types have four horizontal rods 
spaced 90 degrees acting as the ground plane. 

(b) DIPOLE.—The AT 150/SRC is a broad- 
band coaxial dipole type of antenna and is used for 
transmitting and receiving vertically polarized waves 
at frequencies within the range of 220 to 400 mc. It is 
balanced with respect to ground and has a nominal in- 
put impedance of 50 ohms. The AS 390/SRC is a 
broadband coaxial stub antenna used for both trans- 
mitting and receiving vertically polarized waves, and 
covers the same range of frequencies as the AT 
150/SC. It has a nominal input impedance of 50 ohms 
and is unbalanced to ground. Both antennas have ra- 
diation patterns similar to that of a conventional 
dipole. The Navy type 66095 is a broadband dipole 
similar to the AT 150/SRC but covering the frequency 
range of 115 to 156 mc. 

(c) COLLINEAR ARRAY.—The AS 768/GR 
antenna is a four-element collinear array possessing a 
vertical radiation pattern width of 15 degrees at the 
half power point. The point of maximum radiation oc- 
curs at four degrees above the radio horizon. This 
four degree electrical tilt tends to suppress the low 
elevation angle of radiation, which decreases the 
depths of the nulls in the vertical propagation pattern 
compared to that of the AT 150/SRC and AS 390/SRC 
antennas. This coupled with the inherent array gain 
increases the range of solid UHF communication. The 
horizontal separation of these antennas should be 40 
feet, and the average height 35 feet above ground. 
Figure 2-10 shows outline and mounting dimensions of 
this antenna, while Figure 2-10a shows the vertical 
radiation pattern at 400 mc. 


(qd) CORNER REFLECTOR ANTENNAS. -— 
This type of antenna system is particularly well-suited 
for link service in the VHF and UHF frequency ranges. 
It consists of two plane surfaces set at an angle of 90 
degrees, with the antenna assembly consisting of a 
driven dipole set on a line bisecting the angle. The 
use of this type of antenna is considered to be a spe- 
cial case and the Bureau of Ships is prepared to fur- 
nish design for 130-150 coverage where more gain is 
required than is provided by the Navy type 66157 plane 
reflector type. 


(e) PLANE REFLECTOR ANTENNAS. -— 
Navy type 66157 is similar in operation and is used 
for the same kind of service as the corner reflector an- 
tenna but has a plane reflector instead of a corner re- 
flector. It is a broadband conical type dipole antenna 
capable of operation over the frequency range of 132 
to 156 mc. The antenna consists of two colinear 
cones each 16 inches long with their apexes connected 
to either side of a coaxial feed line through a series 
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resonant circuit. This line is made up of a 5/8-inch 
tubular inner conductor mounted in a large rectangular 
outer conductor which serves to secure the antenna 
elements to the reflector. The reflector is 40 by 40 
inches square. The antenna may be used for vertical 
or horizontal polarization, and has a gain of approxi- 
mately six db over that of a single dipole antenna. 


(5) AIR/GROUND COMMUNICATIONS. 


(a) ANTENNA HEIGHT.—There is an opti- 
mum ground station antenna height for use in typical 
air-to-ground communication systems. When antennas 
lower than this optimum are used, the maximum dis- 
tance range is reduced at all aircraft altitudes. When 
antennas higher than this optimum are used, the inter- 
ference between the direct and ground-reflected waves 
causes gaps to occur in the coverage at the higher air- 
crafts altitudes. The minimum altitude at which the 
gap in coverage occurs decreases with increasing fre- 
quency and with increasing ground station antenna 
height. The optimum antenna height decreases with 
increasing frequency and this, in turn, reduces the 
maximum distance range for satisfactory communica- 
tion as the frequency increases. 


Figure 2-11 is provided to show the max- 
imum ground station antenna height, h,m, for gapless 
over land air-to-ground communications up to the air- 
craft altitude, Hm. These curves are based on com- 
piled data contained in a report of the Department of 
Commerce concerming “Gapless Coverage in Air-to- 
Ground Communications at Frequencies Above 50 MC” 
(CRPL-6-4, 28 March 1951). 


In the use of this graph, it is assumed 
that six DB communication system attenuation which 
includes that caused by the length of the propagation 
path and within the confines of the “radio horizon,” 
will provide satisfactory communications. Calcula- 
tions are also made for 12 DB attenuation. From the 
graph it can be determined that at 200 mc, the maxi- 
mum tower height for gapless coverage within the 
range of normal 12 DB attenuation is approximately 30 
feet for altitudes up to 40,000 feet . At 300 mc, to ob- 


less is indicated. 


Considering the fact that solid coverage 
at the shorter ranges is usually more important opera- 
tionally than an increase in the maximum distance 
tange, calculations have been made of the maximum 
ground station antenna height, hq, which will insure 
gapless communications out to the maximum distance 
range at all altitudes less than a specified value, Hy. 
The value H,, is determined by operational considera- 
tions and, in this publication, calculations have been 
made for the illustrative values of H, = 10,000 feet; 
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25,000 feet, and 40,000 feet. Figure 2-11 shows these 
values of hj, as a function of the radio frequency 
throughout the range from 100 to 1000 mc. It is inter- 
esting to note that there should be no gaps in commu- 
nications at altitudes below H, = 10,000 feet with a 
six DB communications system loss on frequencies 
below 118 mc, regardless of the height of the ground 
Station antenna. 

Additional information on this subject may 
be obtained by referring to Proceedings of the I.R.E.., 
May 1952, concerning “Service Range for Air-to-Ground 
and Air-to-Air Communications at Frequencies above 
50 MC,” by R. S. Kirby, J. W. Herbstreit, and K. A. 
Norton. 

The criteria for UHF installations at Air 
Stations (including RATCC) and Special Purpose ac- 
tivities such as Fleet Air Defense Training, Ground 
Control Intercept, and Combat Information Center 
Schools, etc., are to establish a vertical pattern lobe 
Structure and achieve maximum gapless coverage suit- 
able for AIR/GROUND Communications. A compro- 
mise height for the antenna has been established at 
35 feet above average ground level. These installa- 
tion criteria apply to receiving as well as transmitting 
antennas; both roof-top and pole mounting. The height 
of VHF antennas above average ground level should 
not exceed 90 feet. 

The antenna types normally used at the 
above locations include the AT 150/SRC, AS 390/SRC, 
AS 768/GR, and the 66095 (VHF). 

(6) MULTICHANNEL OPERATION.-Reference 
44, Appendix XII, a part of which is quoted in Appen- 
dix IX, contains an excellent discussion of antenna 
arrangement and factors affecting equipment perform- 
ance for multichannel operation in the 200-440 mc 
range. 


(a) ANTENNA MULTICOUPLERS.~—As 
pointed out in the referenced NEL report, the use of 
multicouplers for both receivers and transmitters is 
mandatory in multichannel operation at shore installa- 
tions such as for tower and RATCC control of aircraft. 
The following description of one type of multicoupler 
is furnished as an example: 


Antenna Coupler CU-691/U provides iso- 
lation between four transmitter and/or receiver com- 
binations operating simultaneously into a common an- 
tenna. Isolationis achieved with fourhighly selective 
tandem filters and a combining network. The high 
selectivity reduces intermodulation interference, cross 
modulation interference, and spurious responses. Har- 
monic radiation from the transmitter(s) is also atten- 
uated. 


Inside the coupler are eight silver-plated 
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aluminum tunable cavities. When properly tuned, each 
cavity is a 1/4-wavelength shorted coaxial element. 
The cavities are aperture coupled in groups of two, 
forming four dual-cavity tunable tandem filters. Ad- 
justable tuning slugs in the cavity side walls permit 
compensation for minor irregularities in the cavity — 
resonance curve. The outputs of the four filters are 
coupled to a common junction at the input of a com- 
bining network. The output of the combining network 
is the output connector for the antenna transmission 
line. 

(b) MONITORING.~—Shore station system test 
facilities are augmented in the CU-691/U by having a 
monitor coupler assembly inserted in each input trans- 
mission line between the input type N coaxial con- 
nector and the input to the tandem filter. The coupler 
assembly develops direct-current (d-c) voltages pro- 
portional to the forward and reflected wave compo- 
nents existing on each line. The d-c voltages are 
supplied to the meter circuit via the function selector 
switch. Calibrating resistors, selected by the switch, 
derive meter readings from the developed d-c voltages 
which show forward power and standing-wave ratio 
(swr). The meter readings are useful for tuning the 
filters and for monitoring line conditions during opera- 
tion. 

(c) SEPARATION.—(In preparation). This 
paragraph will provide criteria pertaining to frequency 
and antenna separation in the VHF/UHF bands so as 
to minimize interference caused by intermodulation 
products and other factors related to multichannel 
operation. 

g- SUMMARY OF ANTENNA TYPES. 


The following tabulation is included for planning 
purposes and gives antenna types currently installed 
at Shore Activities. 


TABLE 2-4, ANTENNA TYPES 


De sig- 
nation 
a i ee a 
VLF_ Below 30 kes Special designs, Marconi, 
long wire, 
barrage, 
loop 


Frequency Band Transmitting Receiving 


LF 30—300 kcs Vertical Radiator (vertical Marconi, 
wire or tower with top long wire, 
loading). loop. 

MF 300—500 kcs Vertical Radiator (vertical Marconi, 
wire or tower with top 
loading), conical mono- 
pole, Discones. 


long wire 


MF 2-3 mcs Vertical, Tilted and Hori- Same as 
zontal Doublets, Sleeve. Transmitting 
CHANGE 9 
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HF 3-30 me Sleeve, Vertical Doublet, Same as simplicity of coaxial lines and two-wire open lines 
Omni-directional Tilted Doublet, Dis- Transmitting 
cones, Conical 
Monopole. 
Sector Coverage Sleeve Array, Vertical and Same as 


Horizontal Array, Corner Transmitting 
Reflector Array, Log 


Periodic 
Point-to-Point Rhombic, Vee, Doublet, Same as 
Sleeve Array, Corner Transmitting 


Reflector, Discones 
Conical Monopole, Log 
Periodic, Doublet 


Arrays. 
VHF 30-300 me Vertical Monopole with Same as 
Omni-directional Ground Plane, Vertical Transmitting 
Dipole, Stacked Vertical 
Array. 
Point-to-Point Horizontal Doublet, Same as 
Doublet Array, Corner Transmitting 
Reflector. 
UHF 300—3000 mc Same as VHF except no Same as 
horizontal polarization. Transmitting 
Parabolic Reflector 
types. 
SHF 3000—30,000 mc To meet Requirements. To meet 


Requirements 


b. RADIO-FREQUENCY TRANSMISSION LINES 
AND MATCHING. 


(1) GENERAL. -Since antennas are physically 
removed from the transmitter or receivers by distances 
ranging from a fraction of a wavelength to many 
wavelengths, some form of low-loss transmission line 
must be utilized for the feeder system. This line will 
be an aperiodic system only when it is correctly 
terminated in its characteristic impedance. Thus, if 
the antenna impedance at the feed point differs from the 
characteristic impedance of the line, standing waves 
occur with resulting high losses and high potential 
points on the line. Furthermore, the input impedance 
to the line seen from the transmitter will no longer be 
the line impedance but will be a function of the 
mismatch between the antenna and the line. If this 
mismatch is such that a 2:1 voltage standing wave 
ratio (VSWR) appears on a 600-ohm line, then the 
transmitter must be capable of matching from 300 to 
1200 ohms of impedance, including the reactance and 
resistance which is associated with such a load. 
Good engineering practice dictates operation with 
minimum VSWR at all times. Due to practical limita- 
tions, a VSWR of 1.5 to 1 or less is designated as a 
reasonable standard. 

While it is possible to achieve a wide range 
of characteristic impedances in both balanced and 
unbalanced transmission lines, it is usually at the 
expense of having to choose complex multiple wire 
configurations. The advantage of the inherent 


usually outweighs the disadvantage of the restricted 
impedance ranges they afford. The two-wire open 
parallel line is relatively simple to construct and 
install. It provides a reasonably good balance and a 
constant characteristic impedance. The coaxial line 
is easily installed but the chief value is that it mini- 
mizes radiation losses and problems due to coupling 
between lines. Nominal characteristic impedances of 
50 and 75 ohms are Navy standard for coaxial cable, 
while 600 ohms is Navy standard for two-conductor 
open-wire balanced lines. 

The maximum intrinsic bandwidth and 
efficiency of a system involving an antenna and 
feeder usually occurs when the respective impedances 
are equal and therefore self-matching. In some cases 
it is possible to design the antenna for an impedance 
that will fit a particular feeder impedance. When this 
cannot be fully achieved, as in the case of doublet 
antennas, the Bureau of Ships recommends the use of 
the parallel stub line method of matching as outlined 
in Appendix IIA. 


Although not generally recommended, it is 
possible to obtain terminal impedance matching by a 
number of other methods. The most common are: 


(a) Tapered transmission lines. 
(6) Lumped reactance networks. 
(c) Coupled line sections. 


(d) Series line sections of proper characteris- 
tic impedance (used in matching a sleeve antenna to 
75-ohm coaxial cable). 


(e) Antenna feed point adiustment. 


While there are numerous methods of accom- 
plishing a balance-to-unbalance transformation in a 
feeder line, most of them introduce frequency 
selectivity. The obvious advantage of keeping the 
number of frequency-selective elements to a minimum 
leads to a natural selection of balanced feeders for 
balanced antennas, and an unbalanced line for 
unbalanced antennas, whenever possible. Broadband 
techniques are being pursued. 

Standardization has resuited in most shore 
station transmitters being designed to work into open- 
wire 600-ohm transmission lines, with matching 
arrangements to the antenna provided, as required. 
Exceptions are those applications where 75-ohm 
coaxial cable is used and in VHF/UHF where 50-ohm 
coaxial cable is standard. Receivers (except 
VH F/UHE) are normally designed for 75-ohm input 
impedance with provision for 75-ohm coaxial 
transmission line feeders from the antenna. Standard 
practice for receiving antennas is to terminate the 
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antenna in a suitable matching transformer NT 471138 
located at the antenna, and to transfer the RF energy 
by means of a buried coaxial transmission line to the 
receiver building. 


(2) OPEN WIRE LINES. 


(a) APPLICATION. -—Transmission lines 
consisting of two parallel conductors of No. 6 gauge 
copper wire spaced 12 inches apart have a character- 
istic impedance of 600 ohms. Considerable variations 
in spacing between conductors can be tolerated 
without seriously affecting the VSWR on the line. This 
is illustrated in Figure 2-12 which shows the charac- 
teristic impedance of a two-wire line made of No. 6 
wire. If, for example, the spacing between the 
conductors of a matched 600-ohm line were suddenly 
reduced from 12 inches to six inches, beginning at 
some point along the line, the VSWR on the six inch 
line would be changed from unity to only 1.16:1. It 
should be noted that the characteristic impedance 
depends on the ratio between wire size and spacing. 
In this case, if the wire size had been reduced to 
No. 8, the 600-ohm impedance would have been 
maintained. Some Naval shore stations utilize No. 8 
wire at a 6-inch spacing for interior runs to minimize 
proximity coupling between lines, tapering out to a 
No. 6 wire at 12-inch spacing outside the building, 
because of the lower attenuation and greater tensile 
strength of the larger diameter wire. This compromise 
can be tolerated where necessary providing transition 
is made with care. Sudden changes in line spacing 
can produce possible points of corona formation, as 
well as power losses in the form of radiation, and 
should therefore be avoided whenever possible. 

Of more importance, because it is 
overlooked more often, is the requirement of keeping 
the total length of the two wires in the balanced feeder 
system exactly equal. This especially should be 
watched for sections of feeder passing from the 
transmitters to the outside of the building, in the 
switches, and at bends or turns in the line. 

Some of the power delivered to the feeder 
by the transmitter is dissipated in the form of ohmic 
losses in the wire and insulator leakage. Radiation 
losses are usually negligible. The attenuation of 
two-wire copper line less insulator and radiation 
losses is given by: 

_ 14.4 VE db/1000 ft 
7 dZo 


where a = attenuation in db per 1000 feet of two-wire 
line 
f = frequency in mc 


d = diameter of conductors in inches 
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Zo = characteristic impedance of line in ohms 

The attenuation of the 600-ohm line using 
No. 6 conductors is plotted as a function of frequency 
in Figure 2-13. It will be noted that such a line is 
highly efficient, so that relatively long runs may be 
tolerated when this is required for proper spacing of 
the antennas. It is obvious, of course, that the 
feeders should not be made longer than strictly 
required. A feeder length of more than 2500 feet is not 
recommended except in unusual circumstances. If the 
line is mismatched at the antenna end, additional 
losses are introduced. For properly terminated 
rhombic antennas this additional loss is negligible. 
The curve of Figure 2-13 may be taken to represent the 
losses introduced by the feeder system. Ground 
losses may be neglected if the transmission line is 
suspended at a height greater than ten times the line 
Spacing. , 

In large installations, it is inevitable that 
several feeders must run parallel to each other over 
considerable distances. Close spacing of lines not 
only produces coupling between adjacent circuits but 
also unbalances the feeder systems. 


To prevent coupling between circuits, they 
should be spaced apart horizontally by at least nine 
times the horizontal spacing between conductors of a 
single pair of lines, and have a vertical separation of 
a minimum of ten feet. Greater vertical separation is 
desirable but impracticable. This still permits the use 
of a single pole and two cross-arm construction to sup- 
port up to four pairs of lines. From a maintenance 
aspect, four is considered the maximum that should be 
supported by one pole. 


(b) PHYSICAL PROPERTIES AND INSTAL- 
LATION.—Some of the factors that must be considered 
when designing transmission line connected to trans- 
mitters are: 

1. Power handling capabilities. 

2. Voltage breakdown. 

3. Losses. 

Pouer — The amount of power that can be 
handled is determined by the size and number of wires 
used. 

Voltage 8reakdoun — The maximum RF 
voltage that can be safely used on open-wire line 
depends on the spacing of the wires, the type, size, 
and condition of the insulators, the heights above sea 
level, the temperature, and the humidity. Outdoor 
weathering and deterioration also have an effect on the 
voltage breakdown of open-wire transmission lines. 
Balanced lines composed of more than two conductors 
will have higher breakdown or corona voltages than 
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Figure 2-13. Attenuation of 600-Ohm Parallel Wire Line 
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will two-wire lines using the same size conductors. 
Four-wire lines have a breakdown voltage of approxi- 
mately 1.44 times that of the two-wire lines. 

In general, however, multiwire lines containing more 
than four conductors do not divide the line currents 
equally among the conductors. This unequal current 
division results in higher gradients in some of the line 
conductors than others, and thus reduces to some 
extent the voltage breakdown capability. At present 
maximum powers of 50 kw, two-wire transmission 
lines provide approximately 300% safety factor, which 
is quite adequate. Therefore, the simple two-wire 
12-inch No. 6 Copperweld line has been designated as 
the Navy standard for open-wire lines. 

Losses — Losses in a balanced transmis- 
sion line include direct radiation from the line, copper 
losses, and insulation losses. Direct radiation losses 
from a well-designed line can usually be neglected 
ptovided line is terminated at or near its characteristic 
impedance. However, if radiation is present on a 
transmission line, it may seriously affect the radiation 
pattern of a directional antenna. Copper losses are 
determined by the size of the wire used. Insulation 
losses are determined to a great extent by the config- 
uration, the material used, and the care used in the 
construction of the line. These losses will also vary 
with conditions such as icing and the condition of the 
insulators. Insulation losses from a long line used at 
high frequencies may range from approximately 20 
percent to 70 percent of that of the copper losses. 


(c) CONSTRUCTION. —Some of the factors to 
be considered when constructing open-wire transmis- 
sion lines are: 


1. Two-wire 600-ohm transmission lines 
delineated in Bureau of Ships Drawing RE 10F 2143 
are Bureau standard for open-wire transmission lines 
up to 24 mc. 


2. Transmission lines should be spaced 
horizontally by at least nine times the horizontal 
spacing between conductors of a single pair of lines, 
have a vertical separation of at least ten feet, and be 


ee a The fn nenes 
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at ieast ten 
become important where conductors may swing in the 
wind or become coated with ice. Mechanical strength 
and current carrying capacity are the most important 
factors in selecting the gage of wire for open-wire RF 
lines. No. 6 AWG Copperweld wire is used for open- 
wire lines because of its high tensile strength. 
Losses at these frequencies are comparable to those 
of copper wire. The voltage breakdown of such a line 
is well in excess of that required for 50 kw transmitter 
power. 


3. The electrical lengths of the two sides 
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of the lines should be kept identical. Sharp turns 
should be avoided wherever possible. A necessary 
sharp turn should be made with jumpers that take a 
gradually curving path. The jumpers on opposite sides 
of the line must be identical in length and have the 
same spacing throughout their curve as the transmis- 
sion line. These length and spacing requirements are 
most conveniently met by twisting the transmission 
line to a vertical position just ahead of the turn, and 
returning it to a horizontal position after the tum has 
been completed. The twist in the line must be gradual. 
After twisting the transmission line to a vertical 
position to make a bend, it is advisable to twist the 
line again in the opposite direction and for the same 
distance. This equalizes the capacitive unbalance 
introduced by the first twist, which placed one 
conductor closer to the ground than the other. Bureau 
of Ships Drawing RE 10F 2143 indicates standard 


turns. 


4. All wire connections should be well 
served and soldered. All connections should be either 
pour or dip soldered, to prevent the uneven solder 
lumps and points that form when a soldering iron is 
used. Such points may go into corona far below the 
breakdown voltage rating of the line. Nicopress 
sleeves may be used for line splices. 


5. Special attention should be given to 
building entrance arrangements. Line spacing at point 
of entry to the building should be as shown on Bureau 
of Ships Drawing RE 10F 2143. Lightning protection 
should be designed and installed so that both wires of 
the line have identical circuits through the protective 
device. Electrical conductors must be prevented from 
grounding through the building walls in wet weather. 


6. No connections to the line should be 
made that would result in an unbalance. Each connec- 
tion or tie wire on one side of the line should be 
duplicated in an identical manner and at exactly the 
same electrical point on the other side of the line. 


7. “Candle Stick” insulators used in 
transmission line construction shown in Drawing 
RE 10F 2143 provide lowest loss and least capaci- 
tance to ground under current availability. They must 
be so installed that minimum vertical or horizontal 
strain is exerted by the wire. Individual insulators 
can be in strain by nonvertical mounting on the cross- 
arm roof, or by mounting of the insulator on the cross- 
arm in such a manner that the wire binds in the slot 
and exacts a twisting strain. The maximum tension 
recommended by the manufacturer shall not be 
exceeded during installation. This insulator may be 
structurally weak for areas of heavy icing and/or wind 
loading and such cases should be referred to the 
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Bureau of Ships. Where required, Type 747-270 
insulators, manufactured by the Wind Turbine Company, 
may be used in place of the Candle Stick type. 

(3) COAXIAL TRANSMISSION LINES. 

(a) APPLICATION. -—As long as the VSWR is 
kept within reasonable limits and the coupling network 
of the transmitter and antenna is compatible, coaxial 
lines may be used. The losses are low in high quality 
coaxial transmission lines, but they are approximately 
three times as large, in the caseof RG-85A/U, as 
those of the two-wire balanced feeders due to a higher 
attenuation factor. The antennas fed by coaxial 
cables should therefore be kept as close to the trans- 
mitters as is practicable while maintaining the 
required separation between antenna systems. Since 
line losses increase as the frequency increases, the 
higher frequency antennas should be placed nearest 
the transmitter building. The VSWR should be less 
than 3:1 for safe, continuous operation. In spite of the 
higher losses encountered in carrying RF energy on 
coaxial cables as compared to open wire transmission 
lines, nearly all transmission lines serving receivers 
are coaxial cable. This is because greater loss can 
generally be tolerated in the caseof received RF, and 
the coaxial cable is far superior in maintaining 
signal-to-noise integrity. 

The two MIL-stds for coaxial cable have 
been set at 50 and 75 ohms. As previously mentioned, 
for shore applications the Navy has chosen 50 ohms 
for VHF/UHF and 75 ohms for high frequency. (The 
use of 75 ohm vice 50 ohm allows greater flexibility in 
HF broadband antenna design.) For receiving stations, 
RG 85A/U is recommended for direct burial installa- 
tion. When the losses due to operating frequency and 
cable length becomes excessive, jacketed 1-%" semi- 
flexible cable is recommended instead of RG 85A/U. 


(b) RATING OF COAXIAL CABLES. 


1. Coaxial cable is normaily rated in 
terms of the amount of power the cable can handle, 
called the AVERAGE POWER RATING, and the 
voltage breakdown limitations, called the PEAK 
POWER RATING. In communications service and at 
the frequencies involved in these activities, the peak 
power rating exceeds usage to the extent that it may 
be disregarded. 

The average power rating is based on 
the allowable heating effect within the cable. This, in 
turn, is based on the temperature of the center 
conductor as compared to ambient (outside) temperature. 
Average power rating may also be defined as the level 
of input power which will produce a maximum safe 
center conductor temperature under steady state 
conditions when cable is terminated in a matched load. 
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A survey of the industry indicates a standard ambient 
temperature of 40 degrees C. (104 degrees F) anda 
maximum center conductor temperature of 75 degrees C. 
Therefore, under practical conditions, only the center 
conductor temperature need be considered. 


2. Factors which modify the power rating 
as defined above include (a) Standing wave ratio, 
(b) Modulation, (c) Duty cycle, (d) Frequency, and 
(e) Installation deficiencies. 


Standing wave ratio. Since standing 
waves on a transmission line of some length include 
reflected currents, at a given frequency and at a given 
point on the line the reflected current and the forward 
current will be in phase and additive, creating a hot 
spot on the line. For this reason, the ratio between 
forward current and reflected current may be divided 
directly into the power rating of the cable to modify 
the rating accordingly. 


Pay 
VSWR 


= P,, modified by standing wave ratio. 


Modulation. Amplitude modulation of 
the transmitter enters into the power rating of the cable 
due to the fact that sideband power is added to initial 
carrier power. For a sinusoidally modulated waveform, 
power in each sideband equals one fourth carrier power. 
Total power at 100 percent modulation would therefore 
equal 1.5 times carrier power. 
apply: 


P 
= = P,y modified by 100% sinewave modulation. 


The following would 


Voice modulation oniy reaches 100% level at instanta- 
neous peaks, averaging out at some level between 

zero and 100%. Industry standards arbitrarily set this 
level at 30%. Due to compression and peak limiting in 
military communication systems, a level of 40% seems 
more logical. Hence a practical safe factor to use here 
would be: 


; = P,y modified by average 


No 


amplitude modulation power. 


Duty Cycle. Duty cycle refers to 
on-off time of operation and on-off time of modulation. 
No mathematical factor is applied here. Since it was 
originally pointed out that the initial base rating 
applied to a steady state condition, a minor upgrading 
in cable power rating may be applied where transmit- 
ters are only intermittently on the air or where 


modulation is only occasionally applied. 


In a typical air station installation, 
voice modulated transmitters might be operated for five 
minutes out of an hour, or thirty minutes on and two or 


three hours off between transmissions. In such cases, 
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the heat rise in the cable would not reach maximum 
and would not be progressive. A reasonable increase 
in cable power rating might therefore be allowable. 


Frequency. Dielectric absorption 
(thus dielectric heating) increases with an increase in 
frequency. This effect makes frequency a definite 
factor in the rating of coaxial cable, the power rating 
decreasing at a log-log rate as frequency increases. 
This curve has the same slope for all solid dielectric 
cables, so if the rating for one frequency is known, the 
approximate rating for a different frequency may be 
obtained by interpolation on any coaxial cable power 
versus frequency graph. 

Installation Deficiencies. Any discon- 
tinuity in coaxial transmission lines may affect power 
rating by effectively lumping resistance or reactance at 
a given point causing an increase in current and 
thereby an increase in center conductor temperature at 
that point. Included would be sharp bends, improperly 
made splices, improperly installed connectors and end 
seals, etc. Caution should be especially observed in 
installation regarding bends. Manufacturers’ specifi- 
cations should not be exceeded. If a known specifica- 
tion is not available, a reasonable rule of thumb is: 

Radiusypeng) = 10 x Diameter of cable plus. 


An example of field rating of coaxial 
cable follous: 

A sample of RG 85A/U was tested by 
calorimetric means resulting in a P,, rating of 12 kw. 
To be determined is the maximum transmitter power 
which this cable may be expected to handle under 
given field conditions. 

Assuming the cable is to be buried in 
a temperate zone, the ambient temperature condition 
may be disregarded and the established 12 kw rating 
used as a base figure. 


Frequency of operation assigned to 


this circuit is 15 megacycles. A bridge measurement of 


the antenna load shows the antenna input impedance to 
be 225 ohms at the frequency. Since RG 85A/U is 
listed as having a characteristic impedance of 75 ohms, 
a VSWR of 3:1 is anticipated. 


Using the formula 


Pay “¢8 
= P,, modified 
VSWR 
2. 4KW 
3 


4 KW would be a safe C.W. rating under these 
conditions. 


Transmitter is to be voice modulated. 
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Using the formula 


Py 
= P,, modified 
1.2 
4A = 3.33 KW 
1.2 


3.3 kw would be a safe A.M. rating under these 
conditions. 


It is decided to shift frequency up to 
30 megacycles, all other conditions remaining the 
same. Consulting a coaxial cable catalog, a family of 
curves is found. Among these curves, RG 17/U, a 
similar cable, is rated at 5 kw at 15 mc and 3.8kw at 
30 megacycles. Following.the same slope line as this 
similar cable, an interpolation shows a new power 
rating for RG 85A/U of 2.53 kw. Since 2.53 kW is 
beyond prescribed safe limits, in order to meet require- 
ments transmitter power must be reduced, and adjust- 
ment of load made to reduce VSWR, a lower frequency 
selected, or intermittent operation employed. 


RG 85A/U as used in the foregoing 
example is a common cable type in many Naval Air 
Station transmitter installations where transmission 
line runs are reasonably short. It will be noted that 
with a 3 kw amplitude modulated transmitter the safety 
factor appears marginal. Due to the fact that in most 
cases the duty cycle is light and also due to the fact 
that frequencies used are in the 3 to 20 megacycle 
spectrum, the operation is acceptable. Caution should 
definitely be observed in any changes which might 
increase power in cable. Powers exceeding 3 kw 
amplitude modulated output are not recommended. 
Engineering for future installations where anticipated 
power will be higher should specify larger cable. Due 
to the unpredictability of future employment of 
antennas and transmitter powers, the following Navy 
Standards are set up as recommended average power 
limits for 75-ohm coaxial cable: 


RG 85 U Up to 3kw maximum 


1%" coaxial cable 3 to 5S kw maximum 


3%." coaxial cable § to 50 kw maximum 
6%" coaxial cable over 50 kw 


The parameters are based on average 
output power of transmitters and make allowances for a 
maximum VSWR of 3:1. 


It is hoped that the above will demon- 
strate some of the calculations used to determine safe 
levels of power in using coaxial cable rating charts, 
and to emphasize the caution required in selection of 
cable by power ratings due to the variables involved. 


(c) BALANCED CABLES. —Balanced trans- 
mission cables are available in various forms. One 


ee manems 2B2BPFPPLFirr Sy rr. 


ADMINISTRATIVE PLANNING 
CRITERIA AND PROCEDURES 


variety consists of two insulated wires twisted together 
or paralleled and held together with a weatherproof 
material such as impregnated braid or vinyl insulation. 
Another type of balanced cable consists of two parallel 
conductors embedded in a common insulating medium; 
with or without metallic sheath. These cables gener-_ 
ally have characteristic impedances ranging from 50 to 
300 ohms. Balanced cables find their greatest use in 
direction finder systems. 


(4) MONITORING.-—A continuous check should be 
kept on the operation of the feeder systems used with 
transmitters. Monitoring devices used at the present 
time are RF ammeters inserted in series with the trans- 
mission lines. By using one such meter in each leg of 
the two-wire lines, the transmitters can be adjusted for 
balanced current input to the feeder system. These 
should be sensitive meters, of small current range, so 
that the readings fall around the more sensitive part of 
the scale. A continuous check of the VSWR and power 
input to the coaxial cables is essential to prevent 
overloading and breakdown. Existing trolley meters 
are adequate for monitoring VSWR and power input to 
balanced transmission lines, and in-circuit directional 
couplers are available for monitoring coaxial lines. 


i, SITE SELECTION. 


The primary consideration that applies in 
site selection for the antenna park of a communication 
activity is “suitability for the conduct of communica- 
tions,” as herein defined. Other factors which affect 
site selection are suitability for construction and 
support at reasonable cost, tactical factors, treaty 
rights, land costs, results of real estate surveys, etc. 
These factors may seem of secondary importance but 
they do influence selection and sometimes result in 
engineering compromises. Emphasis, however, should 
remain on site selection criteria which result in 
optimum communication performance. Bureau mainte- 
nance activities should press for the optimum sites 
which may be obtained under the above premises. (See 
Section 1-4.d.) Final approval of sites will be made at 
departmental level. Site selection for any one commu- 
nication activity also shall take into consideration 
site selection for related communication facilities with 
which it will be integrated in order that provision can 
be made for link circuits as required. 


(1) REQUIREMENTS. —The recuirer ents for the 
location of an antenna park determines the site for a 
transmitting or receiving facility. Included are 
topography, ground constants, space availability and 
site environmental factors which are discussed in the 
following paragraphs. For additional antenna siting 
criteria applying to VHF “UHF and microwave, see 
2-32) VHF/UHF APPLICATIONS and Appendix VI 
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MICROWAVE LINK SYSTEMS. 


(a4) TOPOGRAPHY.-—Ano antenna park should 
be located on flat or only slightly rolling ground in 
order to permit construction of antennas engineered for 
maximum performance. Areas of rock outcroppings 
should be avoided not only from the standpoint of the 
complicated construction problems involved, but to 
avoid the likelihood of encountering inhomogeneity in 
the ground area and resultant nonuniformity of ground 
constants. Wooded and jungle areas may be cleared 
but at considerable expense which must be considered 
where a choice of sites is possible. 


(6) GROUND CONSTANTS. —Conductivity and 
dielectric constant are the two ground characteristics 
which are most important in the conduct of radio 
communications. Both are used in calculations con- 
cerning wave propagation and are particularly influen- 
tial in determining vertical antenna wave pattems. 
Conductivity is the most important characteristic from 
the standpoint of wave propagation when signal 
attenuation is caused by loss of energy in the ground; 
also, it must be considered in the establishment of an 
effective power grounding system. Specification limit 
of ground conductivity for radio receiving and transmit- 
ting antenna park areas is that conductivity be not 
less than 5 x 10°“ emu. 


A further discussion of ground constants 
and two procedures for the measurement of ground 
conductivity are contained in Appendix V. 

(c) SPACE AVAILABILITY. -Space require- 
ments for an antenna park will depend on the number, 
type, and separation of antennas to be provided, with 
consideration given to station building requirements, 
isolation requirements, and provision for expansion. 
Generous provision should be made for space, if 
possible and within fiscal limitations, not only to 
provide for future expansion or mobilization require- 
ments, but so as to provide adequate corridor space 
between antennas and utility buildings and clearance 
from power lines, roads, fences, etc. 


(d) SITE ENVIRONMENTAL FACTORS.—The 
surrounding terrain should be as free as possible from 
mountains, hills, or other obstructions which tend to 
shield or deflect the most important low-angle electro- 
magnetic waves used in the conduct of communications. 
Specification limits for unobstructed wave path is 3 
degrees above the horizon for some applications, such 
as direction finder stations, with 5 degrees being 
tolerated in some communication activities. 

Sites must be so related to one another 
that link communications may be established and 
maintained between the various components at 
reasonable costs. Paths over densely populated areas 
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should be avoided asnew construction and noise may 
severely handicap such communications. 

Sites for short range ship-shore communi- 
cations involving low power ground wave propagation 
on medium frequencies, VHF and UHF, should 
normally be located as close as possible to the harbor 
areas to be covered. In many cases these facilities 
are not components of a remote Naval Communication 
Station, but are installed at a Naval Base or Naval 
Station serving the ships. 


Environmental interference to the conduct 
of radio communications results from the generation of 
radio-frequency energy by sources in the vicinity of a 
site which may not be controllable. It consists of radio 
waves, harmonics, and spurious frequencies from 
broadcast, amateur, and other transmitters in the area, 
in addition to the noises generated by residential, and 
vehicular sources. All this must be carefully meas- 
ured and evaluated in the f@vermination of site 
suitability. 

A permanent communications facility 
should have a useful life of 20 to 30 years. The secret 
of receiver site selection is to stay away from the 
possible growth areas by using natural obstructions 
such as swamps, rivers, ocean, etc. Establishment 
should be where roads to other centers of population 
are not apt to be built, and above all enough land 
should be procured to keep highways and power lines 
from being constructed close enough to constitute 
major noise hazards. 


(2) SITE SURVEYS. —In the initial planning for a 
new facility, drawings should be made showing relative 
antenna positions, possible building sites with provi- 
sion for ample separation between antennas, corridor 
space around antennas and transmission lines, and 
indicating minimum separation requirements from other 
facilities. The drawing should be scaled to fit over 
topographical maps of the area to be surveyed. 

Several sites should be considered in this manner 
taking into consideration surrounding terrain, logistics, 
and other factors which will influence site selection 
with the minimum of engineering compromises before 
starting the survey. 

(a) GENERAL PROCEDURES. -—The planning 
engineer should visit the sites under consideration 
during the time that test borings are being made by the 
Public Works Officer to obtain first-hand knowledge of 
soil characteristics. This information combined with 
measurements will facilitate engineering decisions 
concerning site suitability. 

The contour and profile charts prepared by 
the Public Works Office are to be studied from the 
electronic viewpoint to determine antenna and trans- 
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mission line arrangement and control link routes. 
Engineering sketches are made. 


(b) FIELD STRENGTH MEASUREMENTS. 


1. SIGNALS. —Whether a survey is being 
conducted for a transmitting facility or radio receiving 
facility, a determination of the radio reception from a 
number of fixed stations over wide ranges of distance, 
azimuth, frequency, and time should be made. When 
reception is good at a particular area it can be assumed 
that transmission from that area will also be good. 
Frequencies to be covered are from 10 kc to 300 mc 
with emphasis on frequencies that will normally be 
employed at the facility. 


A complete study can be made by 
arranging for simultaneous measurements taken at two 
or more sites on transmissions from the same fixed 
stations so that comparisons can be made for each 
site against every other site under consideration. 
This requires considerable coordination and arrange- 
ment but will result in accurate determination of the 
relative merits of all proposed sites from the recorded 
data obtained. 


2. INTERFERENCE. -Sources of inter- 
ference including harmonic and spurious radiations 
from other transmitters, as well as ignition and other 
industrial noises such as power line noise radiation, 
shall be investigated. This is more important where a 
receiving site is under consideration, but it is also 
important where a transmitting station is concerned 
due to possible effect on control line and emergency 
receiving applications. 


For a receiving facility, the signal 
level from a non-Navy station shall not exceed ten 
millivolts per meter, with harmonic or spurious radia- 
tions not to exceed five microvolts per meter. (It is 
assumed here that this type of interference will be 
confined to narrow bands of frequencies and is not to 
be confused with wide band, random, man-made 
interference. ) 


The noise level (man-made interference 
and not atmospheric or random galactic disturbances) 
of a desirable site should not exceed two microvolts 
per meter in the 10 kc to 140 mc range. 

(c) PRESENTATION OF DATA. —Appendices 
III and IV contain report forms for the submission of 
data on site surveys for transmitting and receiving 
facilities, respectively. 


2.4. COMMUNICATION SYSTEM ENGINEERING. 


A shore communication activity is designed to serve 
the Navy on a service-wide basis in accordance with 
the Basic Armed Forces Communication Plan (BAF- 
COM). Provision is made for communication channels, 
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circuits, and nets based on the operational require- 
mentsof the Naval Establishment as determined and 
prescribed by the Chief of Naval Operations (DNC). 
Figure 2-14 depicts the schematic network of the Naval 
Communication System consisting of Naval Communica- 
tion Stations and Facilities. 


a. THE NAVAL COMMUNICATION STATION. — 
Communication system engineering involves construc- 
tion and integration of radio transmitting stations, 
radio receiving stations, link systems, and communica- 
tion centers which will provide rapid and reliable radio 
communications between units of the Fleet and shore, 
with aircraft, and between shore activities. The com- 
plete facility, Naval Communication Station (NAVCOM- 
STA) or Naval Communication Facility (NAVCOMF AC), 
is composed of the three component facilities: Trans- 
mitting Station, Receiver Station, and Communication 
Center, which are integrated by control lines or radio 
links to provide complete communication service to the 
Fleet in the area of the shore establishment in which 
it is situated. Figure 2-15 is a block diagram of a 
typical Naval communication station with its support- 
ing facilities. 

The simultaneous operation of multiple communi- 
cation channels requires careful planning and engineer- 
ing. Establishment of a new facility, or modification 
of an existing one, requires careful study of the 
requirements in order to facilitate the proper selection 
of components, site selection, and plant development. 
Total operational requirements of a facility are based 
on the integration of individual circuit requirements. 
Individual circuit requirements are determined by the 
Chief of Naval Operations on the basis of the 
following: 


(1) Type of circuit and terminals. 


(2) Frequency(ies) or desired frequency band in 


mc 

(3) Emission. 

(4) Maximum power (for broadcast, the desired 
coverage). 


(5) Hours of operation. 

(6) Method of operation based on anticipated 
traffic load, e.g., Simplex, Manual, DURATT, SSB. 

(7) Personnel requirements. 

(8) Equipment requirements. 

(9) Cryptographic systems and ancillary equip- 
ment, if required, dependent upon intended on- or off- 
line operation. 

Each circuit has system requirements which must 
be analyzed separately from the engineering standpoint 
covering all pertinent items in the foregoing tabulation, 
and all systems integrated so as to obtain maximum 
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over-all performance. 
b. THE COMMUNICATION CENTER. 

(1) FUNCTIONAL COMPONENTS.~—The Commu- 
nication Center is the control activity for the compo- 
nent facilities of the Naval Communication Station. 
The functional components of the Communication Cen- 
ter are outlined in Figure 2-16 and are defined as 
follows: 


(2) MESSAGE CENTER.-—The message center 
is the hub of operations. Here the ship locators and 
routing information is currently maintained for proper 
routing of traffic in the system. Traffic originating 
locally, or for local delivery, or interchanged between 
ship-shore and the relay system, is routed via the 
message center for checking and routing. Radio 
broadcast and ship-shore circuits, both RATT and 
C.W., wire line teletype circuits, other than tape relay, 
and crypto processing are considered an integral part 
of the message center operations, and are conven- 
iently located to facilitate the passing of messages. 


(6) TECHNICAL CONTROL CENTER.-—The 
technical control center provides for technical control 
of the circuits in the communication center. Patch- 
boards terminate lines to remote transmitters and from 
remote receivers as well as drops to the equipment 
located within the center. This provides flexibility so 
the control supervisor can make substitutions, by 
patching, in case of circuit outage, to restore service, 
and maintain operation. Due to the relationship to the 
on-line crypto equipment in operations, OPNAV has 
directed that this facility be located in the on-line 
crypto spaces. CSPM I, 1-34 (REV) 1 November 1959 
must be complied with. 


(c) RELAY CENTER.—The relay center 
exchanges teletype traffic between other relay centers, 
its tributaries, and all the elements comprising the 
communication center. This process utilizes 
perforated tape for receiving and re-transmitting. 

“Hard copies” are not required except as monitor 
copies on receive point-to-point radio circuits as a 
circuit supervisory device. The relay functions may be 
accomplished by the use of automatic switching equip- 
ment, in which the traffic is routed automatically 
according to the routing indicators, or by torn-tape 
equipment in which all traffic must be processed 
manually for re-transmission. [Equipment and mainte- 
nance services for the automatic switching system will 
normally be leased, with the Navy furnishing operating 
personnel. Provisions are to be made in the relay 
center for the future installations of single channel 
on-line cryptographic equipment on individual channels. 

(d) SUPPORT FACILITIES. —Support facili- 
ties are required to maintain the operating facilities. 
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These include administrative, technical repair, supply, 
and storage. 

.¢) OPERATIONAL REQUIREMENTS. —Opera- 
tional requirements are established by Chief of Naval 
Operations for the communication station as a whole. 
Minor additions may be made necessary by local 
command requirements. The total requirements are 
then converted into technical requirements for each 
facility comprising the communication station. The 
communication center must be of sufficient size to 
accommodate equipment, control facilities, and person- 
nel to fulfill the mission of the communication station. 
In planning a new communication center the following 
factors must be considered in order to insure the 
ability to meet the mission. 

(a) SITE SELECTION. —The selection of a 
site is govemed by several considerations: removal 
from target area, housing, logistic support, and prox- 
imity to transmitting and receiving facilities with 
consideration given to establishment of link systems if 
required. 


(b) EQUIPMENT AND SYSTEMS.—Most 
equipment requirements at a communication center 
consist of terminal equipment with criteria for its 
selection and installation discussed under Paragraph 
2-5, TERMINAL SYSTEMS. Distributing frames and 
patching facilities are discussed in Paragraph 2-15, 
INSTALLATION PRACTICES. A block diagram of a 
typical send-receive system is shown in Figure 2-17 
with a detailed description given in Paragraph 2-5, 
TERMINAL SYSTEMS. A standard distribution frame 
is shown as Figure 2-18. Other equipment such as 
receivers and transmitters for emergency use are 
selected and installed to meet local requirements. 

‘c) BUILDING REQUIREMENTS. -—Figure 2-19 
is provided to assist the project engineer in advance 
planning toward development of a communication 
center. No fixed plans could be conceived that would 
fit all requirements and each project must be engi- 
neered to meet local conditions. Building features 
which are common to all communication centers are 
included in the following: 

Construction. The building is windowless, 
of concrete or masonry, with a full basement, one 
story unless a Security Activity is included when a 
second story will be provided. Operating spaces 
should be free of support columns to provide maximum 
flexibility in equipment installation. It has been 
determined that a 32-foot width, free of columns is the 
minimum acceptable to accommodate equipment layout 
in the Communication Center spaces. 

Partitions. Permanent wall construction 


is permissible in administrative and utility spaces but 
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partitions within operating spaces should be designed 
for easy rearrangement and free of electrical or heat 
control wiring. 

Flooring. Cellular flooring should be used 
in all equipment spaces with access to raceways, cable 
trenches, and wiring passageways, except floors laid 
on the ground below grade. If, however, no alternative 
is possible, cable trenches below grade must have 
waterproof membranes between the slab and eacth, and 
be provided with sumps and automatic pumps. 

Main Frame. All control wiring terminates 
in the “Main Frame.’ 
lines (link), patch panels, equipment, and operators’ 


> This includes exterior control 


positions wiring. 

Air Conditioning. Air conditioning equip- 
ment is installed in the basement or suitable 'space 
adjacent to the building as determined by local factors, 
with provision for adequate ventilation. 


Pouer. Equipment power requirements 
with consideration of heat dissipation will be fur- 
nished to Public Works so that total power requirements 
can be provided. Emergency power must be available 
and is generally provided for in an adjacent building 
with diesel operated equipment. Terminal equipment 
will operate satisfactorily from a 120/208 V +10%, 
three-phase, 60 cycle +2%, four-wire distribution 
system. Requirements for power factor, panel loca- 
tions, and circuit capacities will be furnished. Where 
use of on-line crypto devices are required the following 
criteria shall povern selection of “No-Break” power 


units: 


No-Break Power. Purpose: The use of 
communications transmission devices requires an A.C. 
power supply that can never fail for more than one 
cycle and the voltage can never drop to less than 80% 
of normal. 


The no-break power shail not allow an 
interruption of the A.C. power for longer than one 
cycle. An interruption, for purposes of this paper, is 
defined as any abnomality on any or all phases of the 
input power. An overvoltage of 10% or an under voltage 
of 20% is to be considered as an abnormality. A short 
circuit on one or all phases or an open circuit on one 
or all phases or any combination of the above will be 
considered as an interruption. , 

The no-break power unit shall be rated 
120/208 volts, 60 cps, three phase, four wire. Fre- 
quency regulation shall be plus or minus 0,5 cycles 
per second. Voltage regulation of plus or minus 2%. 
The voltage shall retum to the regulated value in 5 
seconds or less. Voltage shall never drop to less than 
80% of nominal. The frequency shall not drop to less 
than 58 cps during transition and must return to 60 cps 
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in 15 seconds or less. 

Electronic Repair. Facilities are to be 
provided for equipment maintenance and repair. Stand- 
ard teletype maintenance equipment, signal generators, 
oscilloscopes, and measuring devices used in receiver 
and control line maintenance, power and hand tools, 
along with work benches as required, and maintenance 
parts stowage are included in the maintenance facili- 
ties. The quantity of maintenance equipment will be 
determined from the equipment requirements and a 
recommended allowance submitted in accordance with 
current directives. 


(d) BUILDING LAYOUT.-—Obviously, a single 
building design or layout will not satisfy the require- 
ments of all communication centers. The arrangement 
must then be determined by individual requirements, 
but following typical plans as closely as possible. It 
is the responsibility of the operating authorities to 
plan the arrangement by laying out the spaces previ- 
ously discussed, according to the traffic flow. The 
technical authorities will plan the electronic equip- 
ment layout, following type plans and other available 
criteria, and by mutual cooperation develop the final 
arrangement plans for submission. 


(e) ANTENNAS AND ANTENNA ARRANGE- 
MENT.—Local requirements will determine what 
antennas are required and what antenna arrangements 
are best suited for installation at the communication 
center. Transmitters and receivers within the center 
are generally for emergency operation but may have 
application for local harbor circuits. VHF/UHF 
antennas may be mounted on the roof or on a tower or 
poles. 

(f) CONTROL LINES AND LINK EQUIP- 
MENT.-—Transmitter and receiver controls are required 
as functional facilities to fulfill the operational 
requirements of the Communication Center. Lines or 
links performing these functions are defined as the 
communication channels and circuits which supply 
intelligence between the communication centers and 
transmitting-receiving facilities, as well as providing 
for control of frequency and other operating variables 
of transmitters and receivers. Provision for such 
control lines, for entry into the building, for main 
frame connection, for distribution, and for operational 
and maintenance equipment requires serious considera- 
tion under system engineering. Criteria are contained 
in 2-5, TERMINAL SYSTEMS. Where radio links are 
to be provided, tower and building construction may be 
required as discussed in 2-6, RADIO LINK SYSTEMS, 
with criteria for engineering of the link route contained 
in Appendix V1. 

c. THE TRANSMITTING STATION. 
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(1) OPERATIONAL REQUIREMENTS.—Once the 
proposed construction of anew transmitting facility or 
alteration of an existing facility has been firmly estab- 
lished as a project to meet an operational requirement, 
engineering to meet the requirement is started by the 
Bureau of Ships. A transmitting station must provide 
all the facilities needed for the transmission of radio 
signals over the circuits that have been prescribed by 
the Assistant Chief of Naval Operations (DNC). 
Circuit requirements are listed by circuit number and 
frequency in the current edition of Janap 195, or are 
described in an “operational requirement” letter by 
ACNO (DNC). The first step in plant development is 
the interpretation of the operational requirements in 
terms of the number and type of transmitting systems 
required and provision for the integration of all systems 
into a properly functioning facility. 

(2) PLANT DEVELOPMENT. 


(2) SELECTION OF EQUIPMENT AND 
SYSTEMS. —Equipment selection to meet the system 
requirements of a transmitting facility is made by the 
Bureau of Ships which provides a recommended list of 
equipment with its estimated cost to the Management 
Bureau of the facility to be established. Installation 
costs are also estimated by the Bureau of Ships for 
preliminary planning with final cost estimates being 
provided by the cognizant Industrial Manager. Equip- 
ment lists will include transmitters, keyers, and other 
modulating or control units which are not integrally part 
of the transmitter, test and monitoring equipment, 
transmitter control patching units, main frame, tele- 
graph terminals, and equipment required for switching 
or patching the transmitters to various antennas, as 
well as antenna tuning equipment to be installed in the 
remote “helix house(s).” Link equipment may be 
included separately in a list of microwave system 
requirements. Standard practice dictates that an extra 
transmitter of each type be installed for every five 
operating units; the extra unit to be used in rotational 
maintenance. An exception to this may be in multi- 
channel or other equipment having limited application 
where duplicate installations are made. Table 2-5 
lists standard power designations for transmitters. 


TABLE 2-5. STANDARD TRANSMITTER 
POWER DESIGNATIONS 


Power Designation Range 
Low LP Under 1 KW 
Medium MP 1—5 KV 
Medium high MHP 5-20 KW 
High HP 20-50 KW 
Very high VHP Above 50 KW 
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(b) SITE SELECTION.—Of the factors 
discussed in Section 1 of a site for a radio transmitting 
station, system engineering is principally concerned 
with the “fundamental suitability of the site for radio 
transmission.” A sample survey report form is con- 
tained in Appendix III. This will enable the project 
engineers to determine factors pertaining to fundamen- 
tal suitability and to make engineering decisions 
regarding site selection, bearing in mind the over- 
whelming importance of antenna construction and 
environmental factors affecting their performance. 
After the over-all land area requirements are deter- 
mined by methods outlined below, topographic maps of 
the area are used to determine several sites which 
appear to be relatively flat, sparsely inhabited, large 
enough, and with intervening terrain suitable for micro- 
wave connections to the receiver station and communi- 
cation center. See Figure 2-15. 


(c) ANTENNAS AND ANTENNA ARRANGE- 
MENT.-—First consideration in the development of a 
transmitter site must be given to antennas. Prelimi- 
nary engineering includes the selection of a type of 
antenna most suitable for each operating circuit, 
preparation of an antenna layout which takes into 
account antenna orientation, proximity to other 
antennas, and the “foreground,” particularly for beam 
antennas. Consideration must be given to the location 
of antennas in relation to the transmitter building, so 
as to keep feedlines short. Open wire transmission 
lines should not exceed 2000 feet in length and buried 
coaxial cables should not exceed 1000 feet. The final 
arrangement will result in an antenna layout in a 
rosette pattern with the transmitter building in the 
center, rhombic antennas on the periphery, and omni- 
directional antennas inside the rhombic circle. Figure 
2-20 shows the layout of a typical transmitter station. 


It is customary to consider first all cir- 
cuits for which there are requirements for rhombic 
antennas. Consideration of frequency range and power 
handling capability as well as orientation is necessary 
to achieve maximum effective radiation from the 
rhombic antennas. Sketches and scale models will 
assist the engineer in preparing an antenna layout. 


Other high frequency antennas of the 
omnidirectional types (doublets, sleeves, conical mono- 
poles, etc.) can be arranged between rhombics and 
inside the rhombic circle. Erection of three or four 
300-foot self-supporting towers around the transmitter 
building will provide support for medium power MF and 
LF antennas. Fach high-power low-frequency transmit- 
ter will require a 800-foot vertical radiator with radial 
ground system 2000 feet in diameter. The Bureau of 


Yards and Docks has the responsibility for structural 
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design and construction of all buildings and antennas 
to conform to electronic engineering requirements of 
the Bureau of Ships. 


(d) TRANSMISSION LINES AND MATCHING.- 
The radio-frequency energy supplied by transmitters to 
the radiators is normally carried on overhead 600-ohm 
standard transmission lines or buried 75-ohm coaxial 
cable. When the point of feed to an antenna type 
differs from 75 or 600 ohms, matching arrangements 
must be designed to minimize standing waves along the 
lines. In HF applications this is usually accomplished 
with matching stubs at the antenna end of 600-ohm 
transmission lines, tuned couplers or “line flatteners” 
in coaxial systems, or other arrangements as discussed 
in Paragraph 2-3h. ( 

Low frequency transmissions are carried 
on a standard 600-ohm line with matching at the 
antenna accomplished in the “helix house” by means 
of a coupling arrangement to balance out reactance. 
The helix house components are provided as part of 
the transmitter contract and are described in detail in 
the technical manual which accompanies the low 
frequency transmitter. 


(e) ANTENNA SWITCHING.-A well- 
engineered transmission line switching system is an 
important requisite in transmitting stations, if best 
utilization of equipment and antennas is to be 
achieved. The frequent changes in working frequency 
over a given circuit during the day, together with 
changes in traffic capacities, place demands of versa- 
tility on the installations. In general, the degree of 
complexity of the switching system increases rapidly 
with increased flexibility; therefore, the goal should be 
one of limited flexibility which is tailored to meet 
operational requirements. Other important considera- 
tions which add to the general complexity of switching 
schemes include the requirements for maintenance of 
regularity in characteristic impedances of the lines, 
retaining balance of lines to ground, and preventing 
any dead-end sections of line from appearing across 
active Circuits. 


Although the stacked-boom switch pres- 
ently being used suffers certain limitations, such as 
the inability to switch one circuit while others are 
active without danger to personnel and equipment, it 
also has many advantages: it is electrically sound, it 
is mechanically simple and rugged, a large number of 
different combinations of transmitters and antennas is 
possible, and, most important, adequate spacing of 
lines can be maintained throughout to prevent coupling 
between equipments. 

Bureau of Ships Drawing RE 24 F 185 
shows a Mare Island indoor type antenna selector 
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Figure 2-20 
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switch for a 600-ohm balanced transmission line. 
Drawing RE 24 F 2005 shows the stacked boom type 
outdoor switching station which can accommodate 
transmission lines from six different transmitters. A 
typical outside switching arrangement is shown in 
Figure 1-2. 

In systems using 75-ohm coaxial feed to 
antennas a number of switching systems, both auto- 
matic and manual, have been devised. One of these is 
a manual system consisting of physical patching with 
“U” shaped patch links and allows patching any trans- 
mitter to any antenna in a 7 by 7 system, maintaining a 
75-ohm system impedance. For applications of frequent 
circuit change, automatic switching systems may be 
employed. Both systems are free of stubs or line dis- 
continuities and present negligible insertion loss. 


(f) BUILDING REQUIREMENTS. ~The trans- 
mitter building is normally located in the center of the 
antenna field. The construction site should be so 
chosen and the building so oriented as to allow the 
maximum number of transmission line entrances to the 
building with the shortest length of antenna transmis- 
sion line runs. 


The general design of transmitter build- 
ings has been standardized over the years to a struc- 
ture of windowless reinforced concrete, rectangular or 
_ “T” shaped in outline. The transmitter room of the 
standard transmitter building is 50 feet in width and 
its length is comprised of 20-foot sections, each provid- 
ing 1000 square feet of floor space, to a maximum 
length of 200 feet (20,000 square feet). In the event 
that more than 20,000 square feet of transmitter floor 
space is required to meet operational requirements the 
building design may be changed to a “T” shape by the 
addition of a third wing 50 feet in width and 100 feet 
(maximum) in length. The T shaped building is not 
suited to an orderly arrangement of open wire (600-ohm) 
antenna transmission lines, but may be used to advan- 
tage when part of the antenna distribution is by coaxial 
cable. Consideration should be given to the constmc- 
tion of two separate rectangular transmitter buildings 
instead of one large “T” shaped building to utilize 
more effectively the available land areas for antenna 


fields. 


It must be kept in mind that transmitter 
building construction costs vary from a low of approxi- 
mately $27.00 per square foot for continental construc- 
tion, to $34.00 or more for overseas construction. 
Therefore, building space must be allotted to electronic 
equipment and ancillary apparatus only. The inclusion 
of large administrative areas or recreational spaces is 
not to be condoned. If these facilities are required, 
they should be provided by other buildings on the 
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station where, due to a different type of construction, 
cost per square foot is lower. 


Transmitter building space will consist of 
the transmitter equipment floor area, a full basement, 
The “head house” will house 
terminal equipment, link facilities, electronics repair 
shop, electronics parts stowage, and a small adminis- 
The purpose of the head house is to 
isolate the terminal equipment and link equipment from 


and a “head house.” 


trative office. 


any local radio-frequency fields in the transmitter room, 
provide a repair shop and small parts stowage close at 
hand for equipment maintenance and provide a modest 
area of administrative office space. The basement 
area of the head house will generally be used for the 
heating, air conditioning, and dehumidification 
equipment. 

A loading platform and large double doors 
should be installed in each end of’the main equipment 
room to provide a means of bringing in transmitters or 
large maintenance parts. The basement area under the 
main transmitter floor will contain the power and con- 
trol cable trays suspended from the overhead and 
hangers for the distribution of coaxial antenna cables. 
The depth of the basement should be such as to allow 
a six-foot, two-inch clearance between the basement 
floor and the bottom of the lowest overhead cable tray. 
Basement areas may be used for equipment stowage as 
well as for the installation of heavy transmitter compo- 
nents such as plate transformers, voltage regulators, 
etc. 


Provision must be made for a basement 
opening to facilitate the unloading of large equipment 
items. Ramp construction to accommodate large trucks 
or a suitable crane arrangement for handling heavy 
components may be utilized for this purpose. 


Temperature and Humidity Control. Air 
conditioning will be required to suit climatic conditions 
of the applicable weather zone. The air conditioning 
system must be capable of handling the complete trans- 
mitter building with all equipment in operation. It 
should be designed to maintain a temperature not higher 
than 80 degrees F. at a constant relative humidity of 
not more than 50% at the air intakes to the transmitting 
equipment. Its design should employ recirculation of 
the building air with a provision for discharging 
approximately 20% to the outside with 20% intake of 
of outdoor air. The outdoor air intake must be well 
filtered to remove dust. 


The capacity of the system will be deter- 
mined by the above criteria and the total amount of 
heat dissipated in the building. Heat dissipation of 
the transmitting equipment may be calculated by sub- 
tracting the sum of transmitter power outputs in 
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kilowatts from the total building power load. 


In the temperate as well as frigid zones of 
the world, a heating system will generally be required. 
Although transmitting equipment while in operation 
liberates large quantities of heat, some areas will 
require an extensive heating system to maintain a 
minimum room temperature of 60 degrees F. within the 
equipment spaces. The detailed design of a heating 
and cooling system is a responsibility of the Bureau of 
Yards and Docks. 


Wiring and Cabling. Power and control 
cables between transmitters and associated equipment 
are carried in cable trays suspended from the basement 
overhead. The trays are of expanded-metal construc- 
tion and are arranged in two tiers with one tray used to 
carry power cabling, and the second to carry control 
cables. The cable trays run the length of the building 
in four rows under the rows of transmitting equipment. 
The first floor slab is pierced with four rows of 6-inch 
sleeves on two-foot centers. Each sleeve is fitted 
with a temporary wood filler covered with cement 
grouting and is provided as part of the building con- 
struction. To use the sleeves, the grouting is chipped 
out, the wood knock-out is removed, and cables are 
passed through the sleeve opening between cable trays 
and transmitters. 


A main distribution frame (MDF) for control 
circuits is required in each transmitter station. The 
MDF should preferably be located in the head house 
area, should be placed out of the way of other equip- 
ment, and sufficient space should be allowed to gain 
easy access to all sides of the frame. 


The construction of the main distribution 
frame is based upon the telephone system concept 
wherein the frame is open construction with all 
incoming cables entering on lug and lug vertical termi- 
anal blocks with protector block heat coil protection 
assemblies in the circuits from outside cable plant. 
For microwave link circuits, protector block assem- 
blies are not required. In general, external cables are 
terminated on vertical blocks on one side of the frame, 
with interior “house” cable pairs terminated on the 
opposite side, which may use either horizontal or verti- 
cal blocks depending on the type of frame used. 


All equipment control pairs, inputs and 
outputs must terminate on the frame via house cable 
with interconnections made by cross-connecting done 
at the frame. The MDF concept will require an 
expanded cable system in the transmitter plant over 
the type of system which does not use a frame. 
However, use of an MDF prevents deterioration of the 
plant wire system over the years due to discouraging 
the use of temporary hookups between equipment. 
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Standard procedure is to make all wire changes at the 


main frame. Records are simply maintained. 


Bonding and Grounding. Provision is 
made for equipment grounding for personnel protection 
and to reduce strong radio-frequency fields. (See 
Paragraph 2-16.) As a part of the standard transmitter 
building construction (by BUDOCKS) a grounded copper 
mesh is placed on or embedded in the first floor slab 
and is connected to earth through driven ground rods 
on 20-foot centers around the building perimeter. The 
intent is to provide a low impedance ground plane and 
Faraday screen immediately beneath the transmitting 
equipment so that the cabinets of operating transmitters 
will not be “hot” with radio frequency voltages. (See 
GROUNDING CRITERIA, 2-16.) 


Lighting. Fluorescent lighting with 
grounded shielding. Determined by the Bureau of 
Yards and Docks. 


(g) EQUIPMENT LAYOUT.-—The following 
items are not rigid specification requirements, as each 
facility must be engineered to meet local conditions. 

1. TRANSMITTERS. —Each facility is 
engineered to provide a specific number of transmitting 
systems. Each system includes an antenna which is 
located in a precise position with respect to the build- 
ing to most effectively serve the system. The 
transmitter serving that system should therefore be 
located so that its feeder (transmission line) will reach 
the antenna with the shortest path possible consistent 
with patching flexibility and with a minimum of criss- 
crosSing of transmission lines of other systems. This 
requires careful engineering and must be included in 
the original antenna plot planning as well as the 
system selection of equipment. It also precludes the 
location of all transmitters of each type in one locality 
because adjacent systems may have widely divergent 
power and frequency requirements. Consideration must 
also be given to alternate and maintenance standby 
equipment where change-over can be effected with the 
minimum disruption of system utility. Equipment is 
generally spaced three feet apart as a standard spacing 
based on studies of space required for operation and 
maintenance. 

2. ANTENNA SWITCHING.~Antenna 
switching arrangements within the building should be 
engineered for maximum flexibility with a minimum of 
transmission line crossings. 


3. TRANSMITTER CONTROL.-A central 
control area is provided for operating control of all 
transmitters. It contains a control console and patch 
panels with monitoring and measuring devices conven- 
iently installed. Indicating lights which show on-off 
and keying indication are provided for all transmitters. 
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RF pick-up arrangements are available for frequency 
measurement with audio output at the transmitter. An 
audio signal generator and oscilloscope provide facili- 
ties for frequency shift adjustment or other uses as 
required. Teletype equipment is provided for monitor- 
ing purposes and order wire between Transmitters and 
Communication Center. Service telephones to the 
Receiver Station and Communication Center are 
additional facilities providedto augment transmitter 
control. 

4. MAIN FRAME.-—AII control wiring 
goes to the “Main Frame” with a “Frame Room” gener- 
ally provided in the “Head House.” This wiring 
includes that to the equipment, control console, and 
CCL or outside control lines to other facilities. At 
larger transmitting stations this means that the main 
frame becomes quite large, but standard design has 
made it possible for rapid changes in control arrange- 
ments to be effected with a minimum of effort, which 
assists the station to maintain the plant wire system 
in the most efficient manner. 

5. POWER DISTRIBUTION. —In general, 
power to the equipment at many stations now in opera- 
tion is supplied from a central power panel where 
switches and circuit breakers for all equipment are 
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located. Power is brought into the building from a 
sub- station located outside the building area with 
provision for separate supply for equipment. 

(b) POWER REQUIREMENTS. -The project 
electronic engineer furnishes Public Works with total 
equipment power requirements for operation and heat 
dissipation in order that total power requirements 
including utilities can be computed and the power 
provided. The construction agency provides primary, 
alternate, and emergency power as described in 1-5, 
Section 1. 

(¢) MAINTENANCE AND TEST FACILI 
TIES.—A repair shop must be provided and equipped 
with work benches, power, and hand tools in sufficient 
quantity to effect routine maintenance and repair. 
Standard test equipment is to be included in the allow- 

This replaces Paragraph 2-16, GROUNDING 
CRITERIA. 


2-16 GROUNDING CRITERIA. 
a. General. 
(1) Safety 
(2) Interference 


(3) Propagation 
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ance list. Standard bin storage is arranged for “parts 
peculiar” and “parts common,” and a plant account 
system set up, normally contiguous to shop space. 

(j) PLANS AND SPECIFICATIONS.—The 
development and construction of a transmitting facil- 
ity requires plans, drawings, and specifications as out- 
lined in 2-2.4.(4), SYSTEM PLANS. Broad building 
requirements and details of construction to fit equip- 
ment layout are provided by the Bureau of Ships in 
letter form along with line drawings to enable local 
electronics authorities in collaboration with Public 
Works to prepare details which will result in detailed 
design drawings and specification blueprints. Expe- 
rience has shown that firm plans that will hold for the 
duration of construction and installation are the excep- 
tion because of the time lapse between conception and 
ultimate turnover of a facility to Management. How- 
ever, careful planning will minimize changes and result 
in the most economical facility development. 


d. THE RADIO RECEIVER STATION. 


(1) OPERATIONAL REQUIREMENTS. — Con- 
_ struction of a new radio receiver station, or the altera- 
tion of an existing station, is a result of the operational 
requirement which prescribes the establishment of 
facilities for the reception of radio signals on a number 
of circuits and channels. Each circuit or channel will 
require a radio receiving system consisting of all nec- 
essary components including antennas, receivers, link, 
and terminal equipment to insure delivery of messages 
to addressees. The first step in plant development 
therefore consists of the interpretation of the opera- 
tional requirements in terms of the number and type 
of systems required and provision for the integration 
of all systems into a properly functioning facility. 


(2) PLANT DEVELOPMENT. 

(a) SELECTION OF EQUIPMENT AND SYS- 
TEMS.—Equipment selection to meet system require- 
ments of a receiving facility is accomplished by the 
Bureau of Ships which also indicates unit and total 
cost of such equipment to the management bureau of 
the facility to be established. Installation costs may 
be estimated by this Bureau or by the office of the 
Industrial Manager who exercises technical control of 
the electronic equipment. Equipment will include re- 
ceivers, frequency shift converters, multicouplers, op- 
erating tables, monitoring equipment, major test 
units, and control equipment including AF/RF dis- 
tribution panels. Link equipment cannot be overlooked 
in receiver station planning but may be included sep- 
arately in a list of microwave system requirements. 
Standard practice dictates that an extra unit of each 
major component be installed for every five operating 
units; the extra unit to be used for operational main- 
tenance. 
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System selection is an engineering problem 
which consists of the proper arrangement of equip- 
ments into systems which will provide optimum ac- 
complishmeht of the operational requirement. A block 
diagram of a typical receiving system, which includes 
terminal equipment, is shown in figure 2-17. Similar 


block diagrams shall be made for each system to enable 


all systems to be integrated and total equipment re- 
quirements to be established. 


(6) SITE SELECTION.—Of the factors dis- 
cussed in Section 1 of a site for a radio receiver station, 
systems engineering is principally concerned with the 
“fundamental suitability of the site for radio recep- 
tion.” A sample survey report form is contained in 
Appendix IV which will enable the project engineer 
to determine factors pertaining to fundamental suit- 
ability, and to make engineering decisions regarding 
site selection. See site selection under 2-3, ANTENNA/ 
TRANSMISSION LINES, for further details. 


Radio receivers and measuring equipment must 
be provided at the various sites under consideration, 
and this survey conducted as thoroughly as time 
permits. : 


Once a site has been determined as being suit- 
able for the reception of signals, other factors including 
antenna and building space requirements, logistic fac- 
tors, and proximity to other facilities with which it 
will be integrated (communication center and trans- 
mitters), as well as isolation from sources of interfer- 
ence, will be determined so that engineering develop- 
ment can proceed. 


As shown in figure 2-15, the area requirements 
and facility arrangement will provide a receiver build- 
ing in the center of the area with permanent antennas 
arranged in a circle surrounding this building. A pro- 
tective corridor is prescribed outside of the antenna 
park with housing, utilities and administrative facili- 
ties located on or near the outer boundary of this cor- 
ridor. When a HF/DF facility is present, its location 
should also be on this circle but on the opposite side 
from utilities, so as to provide proper isolation. 

Of major importance in site selection is to give 
consideration to the link paths which are required to 
connect this facility with transmitters and communi- 
cation centers. (See criteria under 2-6, LINK SYS- 
TEMS, and Appendix VI.) 

(c) BUILDING REQUIREMENTS.—The re- 
ceiver building is the heart of a receiving facility, 
located in the center of the antenna park and remote 
from all other buildings included in the activity. The 
receiver building is usually a two-level structure unless 
a Supplementary Activity is to be served. Provision 
is then made for a third level (second floor) to furnish 
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receiving facilities for that activity; the basement there- 
under being layed out for joint occupancy. 


A typical receiver building layout is shown in 
figures 2-22, 2-23, 2-24, and 2-25. They have been 
prepared to be used as a guide in future planning but 
cannot be established as the ideal building arrange- 
ment nor as a basis for rigid building specifications. 
Each facility will have special problems which must 
be resolved locally.. An undesirable feature of the 
building shown is the presence of building support 
columns in the operating spaces of the first floor. This 
presents problems of equipment installation and, where 
possible, such support columns should be eliminated 
from operating spaces. A standard room width of 48 
feet for operating spaces is prescribed. 


The building is usually rectangular, of mason- 
ry or concrete, fireproof, and architecturally in ‘har- 
mony with other buildings in the area. The size of the 
receiver building will depend primarily upon equip- 
ment space requirements, with additional space require- 
ments which include space for administrative, storage, 
utility and maintenance purposes. It is the responsi- 
bility of the electronics engineer to determine operat- 
ing space requirements by interpretation of the opera- 
tional requirements in terms of system requirements 
providing adequate space for all equipments, thus col- 
laborating with Public Works in this phase of A & E 
development of a project. 


Exterior walls are windowless so as to provide 
maximum wall space for flexibility in equipment ar- 
rangement. Interior walls will also be arranged for 
maximum free wall space with supporting columns 
outside of operating spaces. Partitions are constructed 
of accoustical material, non-load bearing, and capable 
of being relocated if required for future alterations. 


Building features which require engineering col- 
laboration include: 

Temperature and Humidity Control. Provi- 
sion for adequate ventilation and heat dissipation of 
equipment. 

Wiring Passageway and Cable Vault. Consid- 
eration given to cable entries, racks, ‘“through-floor” 
fittings, cable trays, terminating frames and blocks. 


Shielded Enclosures. Double shielded cellular 
type shielding not structurally integrated with the 
building, with provisions for passageway and message 
handling without destroying shielding integrity. Ap- 
plicable specifications: MIL-E-4957A or MIL-E-18639. 

Electronics Repair Shops. Work bench and 
storage bin requirements are to be specified, with pro- 
vision made for maintenance as described in 1-13. 


Bonding and Grounding. NAVSHIPS 900,- 
000, Electronics Maintenance Book, Section 10-20 con- 
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tains criteria for grounding systems and for ground 
mat construction. 

Power for Electronic Equipment. Estimates 
made of power requirements for each operating space, 
antenna multicoupler space, and electronics repair shop 
to provide 80 percent power factor, 120-volt, single 


_ phase, 60-cycle power. Initial requirements are pro- 


vided as described in 1-5, Section 1. Standard 208/120, 
four wire installation is acceptable with appropriate 
regulations (voltage + 10%, 60 cycles + 2%). 

Floors. To provide cellular flooring and cable 
ways, with suitable entry and exit facilities. 

Lighting. Incandescent lighting used and 
candlepower requirements for adequate illumination 


- in operating, office and other spaces specified. 


Radio Interference Suppression. Shielding 
and filtering to be provided on equipment which is 
not inherently free of radio interference generation. 
The requirements for suppression should be deter- 
mined on the basis of interference to receivers in their 
operational environment. 


(d) EQUIPMENT LAYOUT.—The layout of 
equipment shall conform in all respects with opera- 
tional dictates, with emphasis being employed on the 
most direct traffic flow, least amount of personnel 
travel, centralized supervision, and complete accessi- 
bility for maintenance. 

For layout standardization purposes, whereby 
the operating or maintenance personnel may become 
thoroughly familiar with the engineering practices 
employed, the basic layouts for all stations must be 
identical. However, the operational requirements vary 
from station to station thereby creating problems of 
rearrangement, additions and/or deletions of certain 
equipments to a point where the interior of one station 
no longer resembles the first. The necessity for this 
rearrangement and continued growth precludes the 
promulgation of rigid installation plans. 

Figure 2-26 shows typical equipment arrange- 
ment in a radio receiver building. 

The following items of equipment and systems 
will come under consideration in planning equipment 
layout: 

1, AF/RF SYSTEM.—The AF/RF Signal 
Distribution System will be designed to meet local re- 
quirements, with standard components if possible. 
Front panel spacing of equipment and accessories will 
be in compliance with standard requirements. Use 
NAVSHIPS 91047 RF and AF Signal Distribution 
Unit as guide. 

2. MANUAL OPERATORS DESK.—Manual 
operators desks are of metal construction with design 
features as follows: 

a. Desks are adapted to cellular floor wiring 
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or square D duct wall wiring. The panel below the 
back of the desk may be installed at any point along 
back of desk to take advantage of all floor cells with- 
out the necessity of “staggering” desks in rows. 

b. AC power wiring, fuses, line switch, and 
convenience outlet are built into desks. 

c. Desks may be mounted back to back or 
against walls. Access to all cables to be available below 
the front of the desk. 

d. Desks have low shelf height to permit 
operators’ ease of tuning receivers. 

e. Two receivers may be operated on each 
desk and, by stacking one receiver on another, four 
receivers may be operated. 

f. Two typewriters may be operated on each 
desk if required. For example, one for keeping the 
log and one for copying traffic. 

g. The desk is provided with covering in 
conformance with grade II of MIL-T-1717A (Ships) of 
23 October 1952 which is equal to “Formica” and is 
cigarette and stain proof. 

3. OPERATORS CHAIRS. — All operators 
chairs should be swivel steno chairs, GSSO Stock No. 
26-C-11450, or equal. 

4, AUDIO OUTPUTS OF RECEIVERS.— 
The audio outputs of all radio receivers at manual 
Operating positions are connected to an audio control 
box mounted in each operator desk. In addition, the 
output of each receiver is terminated in an audio jack 
on the AF/RF Distribution Unit provided for the 
Supervisor. 

5. CELLULAR FLOOR CONNECTION BOX. 
—A cellular floor connection box manufactured in ac- 
cordance with Bureau of Ships drawing REGF2254A 
is employed below all manual operating desks to pro- 
vide terminations for all cabling (i.e. RF, AF, AC and 
keying) to each position. This box is intended for 
installation along the back of the desk. 

6. FRAME ROOM.—AI! multicouplers and 
the Model AN/FRA-3 equipment are installed in a 
Common Frame Room. The AN/FRA-3 equipment 
will be patched to the Supplementary Activity, the Se- 
curity Activity, and General Service Activity as re- 
quired. Antenna patching facilities within the frame 
room should permit, as far as practicable, the patching 
of any antenna to any activity within the Receiver 
Building either direct or through any multicoupler 
at the option of the operational personnel. 

7, SUPERVISORS’ FACILITIES.—The fol- 
lowing facilities are normally required at or near the 
supervisors’ desks, (if the receiver station accommo- 
dates both General Service and a Supplementary Ac- 
tivity, facilities described will be located to meet 
individual requirements) : 
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a. AF/RF Distribution System, including 
transmitter control. 

b. Two-way inter-communication facilities 
(voice) between the supervisors’ positions and each 
manual operator’s desk and subsection operating po- 
sition that is more than 25 feet away. 

c. Access to one output of the AN/FRA-3 
antenna selector. This may be included as a part of 
a nearby operator’s desk. 

d. Master station inter-communication con- 
trol. 

e. Monitor receiver and frequency meter. 

f. Station telephone. 

g. Buzzer and control for magnetic release 
of entrance door to supplementary space. 

h. Station fire alarm push button. 

i. Emergency power indicator lights or 
meters, as appropriate. 

j. Office desk and typewriter stand. 

k. Traffic handling facilities. 


8. SHIELDED ROOMS. 

a. For teletype, a shielded room is provided 
in new construction projects for receiver buildings to 
permit operation of a limited number of teletype 
equipments in the receiver building without interfer- 
ing with radio receiving conditions. This space shall 
be double shielded and the power input to this room 
is filtered and/or provided with electrostatic shielding. 
Signal lines are RG-108/U cable or equal. 

b. Where the AN/FRM-3 equipment is 
employed by the Security Activity, a similar shielded 
room is provided for this equipment and the monitor 
teletype equipment used with the AN/FRM-3. 

c. All shielded rooms must be provided 
with adequate ventilation or be air-conditioned. 

9. MONITOR TELETYPE EQUIPMENT.— 
The only teletype equipment that should be permitted 
in a radio receiver building is that located in a shielded 
room provided for that purpose, or monitor teletypes 
that have been rendered interference free. Monitor 
teletype must be kept to a minimum and are normally 
mounted on wheels to permit their being utilized at 
various operating positions. The Model 28 series of 
teletypes have been found to meet interference require- 
ments, but other teletypes may meet these requirements 
if provided with adequate shielding and filters and 
grounded to the power or “Q” cell ground. Teletype 
equipment located in a receiver building should never 
be connected directly to the electronics ground. It is 
well to bear in mind in system engineering, that even 
though equipment is rendered interference free at 
time of installation, it may not remain so in operation 
and could conceivably cause excessive interference. 


10. MISCELLANEOUS.—Other items which 
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will come under system engineering include radio 
printing and radio photo facilities and ink and voice 
recording facilities; location of such devices to be 
subject to local requirements and as specified by the 
Management Bureau. Remote control of receivers 
must also come under consideration. Where this re- 
quirement exists, control lines for this service shall 
be included in patching and distribution. 


(e) ANTENNAS.—Antennas of all types will 
come under consideration including rhombics, sleeves, 
doublets (horizontal and vertical) as well as long wire 
antennas for frequencies below 500 kc. Total antenna 
requirements will result in an antenna park with a 
rosette arrangement and, in order to provide the 
shortest possible transmission lines (coax) to the re- 
ceivers, the receiver building will of necessity be 
constructed in the center of the park. As shown in 
figure 2-27, antennas occupy concentric circles around 
the receiver building with rhombics on the outer 
circle at distances between 1000 and 1500 feet to near 
pole. Omni-directional and sector coverage antennas 
are placed on the inner circles with highest frequencies 
nearest the building. 


Not shown in figure 2-27, but where the require- 
ment exists, poles are erected to accomodate long wire 
antennas for low frequency applications. In addition, 
the use of sleeve antennas replacing a considerable 
number of the doublets shown, is recommended in 
new construction. 


VHF, UHF, and SHF receivers are provided with 
individual antennas. Coaxial cable runs should be 
short and modified patching arrangements provided 
where a limited amount of patching for spare receivers 
is made available. 

System engineering also requires that provision 
be made for antennas in space diversity and result in 
additional space requirements for adequate circuit 
coverage. Space diversity is used to combat natural 
fading experienced in ionospheric propagation. Ex- 
perience has shown that two receiving systems with 
antennas spaced about 600 feet apart will provide 
optimum performance. Spacing may be in any direc- 
tion with respect to the direction of the incoming 
signal. In point-to-point service where antenna gain 
is important, two rhombics pointed in the proper 
direction and spaced properly will be provided. In 
other applications where signal level is sufficient, any 
combination of two antennas with adequate spacing 
will provide satisfactory performance. 

At the higher frequencies where space diversity 
is less effective, polarization diversity may be used. 
By providing sufficient horizontal and vertical dipoles, 
combinations of these antennas can be used in diversity 
for greater reliability in circuit coverage. 
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Recommended procedure for determination of 
the total number of antennas is to determine and list 
frequency requirements for each circuit. Receiving 
doublets are useable over + 5% frequency spread. As- 
sign up to five receivers for an antenna through 
multicouplers where frequencies or antenna patterns 
are compatible. An integrated rhombic rosette, with 
consideration given to frequencies and vertical angles, 
will provide overlapping coverage. Determine bear- 
ings of all point-to-point circuits and provide optimum 
and skip range design for these circuits. Then orient 
rhombics ever 7.2 degrees providing best compromise 
for point-to-point bearings. Additional flexibility may 
be obtained by ‘“‘double-ending’” the rhombic antennas 
as described under 2-3, ANTENNAS. 


(f) TRANSMISSION LINES.—Standard prac- 
tice is to carry all receiver RF signals on 70-ohm 
coaxial lines, and standardization has resulted in all 
Navy receiving apparatus being designed with an 
input terminal impedance of 70 ohms. The RG-85/U 
coaxial cable has been designed for outdoor use and 
is used almost exclusively for transferring RF energy 
from the antennas into the receiver building. The 
cables are buried in the ground with firm connection 
of the outer conductor to the electronic ground system. 
Standard fittings are available for cable entry into the 
building either through a cable vault which is some- 
times underground, or above ground, whichever is 
best to meet local conditions. 


The use of 70-ohm cable requires impedance 
matching to the antenna, which is accomplished by 
means of the NT 471138 matching transformer. This 
transformer has been designed to provide coupling 
of the 70-ohm coax to a 600- or 270-ohm antenna as 
well as static leakage, lightning protection, and water- 
tight integrity. The antenna is terminated in the 
transformer which is normally mounted on one of 
the antenna support poles or on a pole provided for 
the purpose. 


(g) PATCHING AND DISTRIBUTION. — 
Three types of patching and distribution must be 
considered at a receiving facility; the first being “radio 
frequency” distribution which provides the receivers 
with input signals permitting one or more receivers 
to obtain signal excitation from one antenna or, each 
receiver with a choice of antennas from which signal 
energy is obtained. The second type of distribution is 
“audio frequency,” whereby the output of the receivers 
can be terminated in headphones, monitored and/or 
patched through to other measuring or terminating 
devices. The third type of distribution is a telegraph 
(DC) patchboard for transmitter keying and control, 
local teletype, etc. 

NAVSHIPS 91047, RF and AF Signal Distribu- 
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tion Unit, will provide guidance and component 
specification parts of standard distribution facilities. 
The three types of distribution are discussed in the 
following paragraphs. 


1. RF DISTRIBUTION.—Standard practice 
is to bring all RF signal energy into the building on 
standard coaxial cable (RG-85/U). Cabling within the 
building is normally RG-11/U. First transition from 
the outside, RG-85/U, cable to the inside, RG-11/U, 
shall be at the point of cable entry by means of the 
Navy type 491652 standard connector-adapters. This 
transition shall be in a cable vault or in the RF Frame 
Room where first distribution begins. (The exceptions 
to this are VHF/UHF/SHF applications where re- 
ceivers are grouped and a local patching facility pro- 
vided to permit patching spare equipment to the 
several antennas. Also excepted are LF applications 
where long-wire antennas are brought into the build- 
ing wall through a standard entering insulator and 
distributed in operating spaces with a RG-162/U 
coaxial trunk provided with receptacles containing 
300-ohm decoupling resistors for attaching each re- 
ceiver. ) 

The frame room contains initial patching 
facilities, multicouplers, and AN/FRA-3 equipment 
(if authorized). RF cabling is run between the frame 
room and the standard patch panels provided in the 
Signal Distribution Unit; terminating in standard 
jack panels where, by means of patch cords and the 
antenna selector switch(es) (SA-136/G, 137/G, 
138/G), antenna selection, monitoring, frequency 
measuring, and testing can be accomplished. Jack 
panels are normally arranged for “normal-through” 
operation whereby each receiver is connected without 
patch cords to the antenna or multicoupler to which 
it is assigned. 


2. AF DISTRIBUTION.—The output of each 
receiver is carried on a shielded twisted pair for dis- 
tribution within the receiver building. All audio 
signals leaving the station via cable or link shall pass 
through power limiting AM413 series amplifiers unless 
this function is incorporated in the signal generating 
equipment. Input audio signals levels shall not exceed 
¢ DBM (1 milliwatt). Standard practice carries the 
receiver outputs through the main frame cross connect 
located in the frame room, with permanent intercon- 
nection to the Signal Distribution Unit, where tem- 
porary patching may be accomplished. Operation is 
usually “normal-through,” from receiver to terminal 
equipment with provision at jack panels to patch other 
equipment in parallel if necessary. Patching should be 
kept to a minimum, however, and where permanent 
changes in distribution are made, re-wiring of the 
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main frame to eliminate patching should be accom- 
plished. 

3, TELEGRAPH (D.C.) DISTRIBUTION.— 
Local teletype, order wires, and transmitter keying 
and control circuits require distribution. Control and 
keying lines to the radio transmitting station and 
communication center either by cable, telegraph car- 
rier, and radio link are wired through the main frame 
cross connect and brought to the panel for distribution 
without patching. Operation of control lines are 
“normal-through” for casualty or maintenance sub- 
stitution. Complete SB467/FG switchboards or jack 
fields thereof shall be employed for this service. This 
is discussed in detail under TERMINAL EQUIPMENT 
and INSTALLATION PRACTICES. 


4, SUMMARY.—A careful engineering anal- 
ysis and interpretation of the operational require- 
ments at a communication receiving activity are re- 
quired to provide maximum utility and flexibility in 
signal distribution. Circuit requirements consist of 
manual and automatic channels, all capable of siraul- 
taneous 24-hour service. Ship-to-shore circuits are 
normally manually operated but patching facilities 
and equipment must be provided so that RATT, FAX, 
etc., may be utilized if required. High frequency point- 
to-point service calls for diversity arrangements and 
multi-channel automatic operation. Provision must be 
made for patching spare equipment where required. 
Expansion of facilities and changes in operational re- 
quirements require generous initial provision for addi- 
tional equipment and connecting cables if required. 
Amplifiers and attenuators must be provided to main- 
tain proper signal levels and extreme care must be 
exercised in order that the proper signal to noise ratio 
is maintained. Cellular flooring and adequate cable 
racks permit flexibility and facilitate grounding and 
bonding of signal carrying cables. All of the above 
factors require careful engineering in order to provide 
facilities for optimum reception of signals and rapid 
delivery of traffic by the Management Bureau operating 
the facility. 

(hb) POWER REQUIREMENTS.—The project 
electronics engineer furnishes Public Works with total 
equipment power requirements for operation and heat 
dissipation in order that total power requirements 
including utilities can be computed and the power 
provided. Initial provision by the construction agency 
is as described in 1-5, Section 1, with 208V/120V, four 
wire, instantaneous regulation + 10% (voltage), 60 
cycles + 2%. 

(4) MAINTENANCE AND TEST FACILI- 
TIES.—Maintenance of equipment and test facilities 
are provided in the receiver building where space is 
made available for work benches and bin storage. A 
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maintenance parts system requires installation of 
standard bin storage units for “parts peculiar” and 
“parts common” which are normally carried on board. 
and for setting up of a standard plant account system 
in accordance with current directives. Equipment 
maintenance and repair are accomplished in the space 
provided, with appropriate power tools made available. 
Test equipment such as signal generators, output 
meters, and oscilloscopes are provided in addition to 
that test equipment permanently installed in the Signal 
Distribution Unit. 

NAVSHIPS 92326 contains plans for a typical 
work bench installation. 

(7) PLANS AND SPECIFICATIONS.—The 
development and construction of a receiving facility 
requires plans, drawings, and specifications as outlined 
in 2-2.4.(4), SYSTEM PLANS. Broad building re- 
quirements and details of construction to fit equipment 
layout are provided by the Bureau of Ships in letter 
form along with line drawings to enable local elec- 
tronics authorities, in collaboration with Public Works, 
to prepare details which will result in detailed design 
drawings and specification blueprints. Experience 
has shown that firm plans that will hold for the dura- 
tion of construction and installation 4re the exception 
because of the time lapse between conception and 
ultimate turn-over of a facility to management. How- 
ever, careful planning will minimize changes and 
result in the most economical facility development. 


2-5. TERMINAL SYSTEMS. 


a. GENERAL. — Military Communication System 
Technical Standards, MIL-STD-188, dated 13 July 1955, 
were prepared to insure compatibility between equip- 
ment of the several military services in the event inter- 
operation became necessary. The terms and definitions 
given therein will be used in ensuing discussions in 
this publication, and shall be required in future trans- 
actions between the Bureau and its field representatives. 
There are, however, certain areas not covered in MIL- 
STD-188, and some terms or definitions following are 
considered as being peculiar to the Naval Service and 
will be adopted as such. 

For example, “Terminal Equipment” as applied to 
Naval Shore Communications includes end instruments, 
(defined in MIL-STD-188 as devices connected to one 
end of a loop and capable of converting usable intelli- 
gence into electrical signals and vice-versa), telegraph 
carrier terminals, switchboard repeaters, amplifiers, and 
all other equipment necessary for the translation, con- 
trol, and distribution of signals in a communications 
center or terminal area. 

Terminal systems engineering then, is the process 
of converting the operational requirements of a facility 
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into quantities and types of terminal equipment to be 
provided, planning the circuitry to unite the equip- 
ment into an efficient system, planning the equipment 
layout to provide operational efficiency and facility for 
the user, and the preparation of the necessary data for 
use by the cognizant Public Works Officer in develop- 
ing space, power, air conditioning, and other utility 
requirements. In no other place could the principles 
of human engineering discussed at the beginning of 
this section be put to more advantageous use than in 
planning the layout of terminal equipment. 


In communication centers, it is especially important 
that system standards and practices be adhered to. The 
reason for this is that here the supporting remote 
facilities are joined together to form an efficient ma- 
chine for the sole purpose of moving a high volume 
of traffic with a minimum of delay. It is obvious that 
the physical arrangement of the message center com- 
ponents should permit an even flow of traffic from 
receipt to departure. It is equally obvious that the 
electricai channels carrying the traffic intelligence be 
engineered for the convenience of operating personnel 
for circuit control, as well as for the convenience of 
the technical personnel in maintaining and servicing. 
System standards and practices have been developed 
as criteria and promulgated by the Bureau of Ships in 
the form of standard plans or Bureau Instructions or 
Notices pertaining to specific items or areas of interest. 
In those cases not treated by specific criteria, it has 
been presumed by the Bureau that commercial stand- 
ards and practices would be followed by field engineers. 
It might be stated in all frankness that most of the 
Navy standards are but commercial cnes modified to 
meet the special military requirements. A further re- 
quirement for standardization is due to the military 
practice of transferring personnel from station to sta- 
tion. If physical arrangement and electrical circuitry 
follow established patterns, the “in training” time 
of a new arrival is reduced, the full benefit of his 
services is realized more quickly, and operating effi- 
ciency is maintained. 

Section 2-4.b. discussed the functional components 
of the communication center. Figure 2-17, copied from 
Bureau of Ships drawing RE 6D 2269, was developed 
as a block diagram of a typical communications system 
with on-line cryptographic equipment. A _ casual 
examination would leave an impression that installa- 
tion of the system is made unnecessarily complicated 
by the number of appearances required per circuit 
on the distributing frames and patching facilities. 
However, a detailed examination should be made to 
understand the reasoning behind this system planning. 


The system shown is based upon the premise that 
the subscriber is located some distance from the com- 


94/izy-as Ady AADN ‘psvog #s J AsO “D°G "87-7 INBIY 


Figur 
2-28 


vel ‘OO3M 
dId1S WAINBIL 
Sxovr ANKYL 


‘LINIGVD 30 MBIA 
WNOILD3ZS YOd 2 149HE 336 
‘3.LON 


= 
3 
LINdUIO é | 
NOL 
o<l (002M 
LE | dlwis 
W qWwaiewwal 
all) 
i= 6 ‘SMNNYL 
| y/ 6ee-1-9-5 ‘Lanoa 
Lindwlo SOe-¢-34 ‘INIT 
’NnL I : :3.LON 
| 


SAWP VEOE 3dA1 003M 


STIVL3G LINDUIO WNNYL 


~—- ‘T3aNVd 1SN0 
+———._ 13NVd NYE 


-———  SINNL 


ve! ‘OOaM wet OOaM 
dlls TWNINNSL dIULS TNINMSL 
swove 1dIN0a SHOVE INIT 


434333234332) @ 
990698800005 e 


OREO OOOO ND O08 OSOO0E 


UNCLASSIFIED 
NAVSHIPS 92675 


“XV TINY 
wad 92 SHOU 


- MOVE.2 STANVd ZI 
love @ 9000090 3503060009 200 1dINO? @ ANT 


@0x5500e5., 


‘Leino 


DIOIEAMIDYY 
OO @ 599000502 02900090 
Seas oeseooas eu oe os ese 


<+—14NVd 43L3N NYE 


anit 


SwOVe SOke AdAL 092M 


STvi3a LINOWID 1dINDS 8B 3aNM 


SYSTEM ENGINEERING 


CRITERIA 


od 
2a 

[+4 

w 

iM ec 

ZU 

ry TW 3A MIWC MNDYL 
6) 

z 

Ma 

Ml 

-_ 

” B-piwdee Mu 
5 335 GeliWiS TWNIAeeL 8Os 


ra ta 


61-PIddS2 Me 336 SINGS wos 
O2-wIPGESMY 33S 3MIM: OS 
e-bivatraw 335 SNOWF HOF 


9-+i~ OE Me 23S 
SAILS IWNIWNG SL BOF 


TUWL3IG MOVES AN3SWdINDZ® BNIT 


UNCLASSIFIED 
NAVSHIPS 92675 


6\- sivOR2MY SAIliaWad Wor 
O2-wivdteme 335 AWIM Os 
w-vIPOLAMY B3S. SHOWS HOS 


Figure 
2-29 


psvog say Asouig olpny °6z-z  anBiy 


2-VIPde2 Aw 


Zi- vie dezmy 
11 -wieagzmy 
Ol- viv adeemyE 


Ll-+ieOC2 mu 
S!- +i vIOeZTmMu 


me €l-t92d 01m 
SeLgOIi mu St-vivaczmy 


O-PIVAtIMw 


L-PIVGEZMY 


€i-S9L.aoimyw 


CL8VOIMW 


BI-vIPQEZM 


£98 O1VM 


sis0lyma 


P-vivQetmy & -vIpdeemys 


(Lg 


E-vitgee2my 


6 - +I OEZMe 
B-vIsOtsmy 


SYSTEM ENGINEERING 
CRITERIA 


munication center and that there are sufficient circuits 
between the two to justify multichannel terminal 
equipment over landlines or links. Under most condi- 
tions, as described in section 2-4.b., the subscriber will 
be extended on a full duplex d-c telegraph circuit, 
therefore the system will be somewhat simplified by 
the elimination of the telegraph terminal equipment 
and associated facilities, between symbols (7) and (22) 
as well as (67) and (82), on figure 2-17. The circuitry 
for a d-c telegraph circuit only is shown by dotted 
lines between (9) and (22), and incorporates d-c 
primary test board SB-471/FG (figure 2-28). 

b, SYSTEM DESIGN.—The following general rules 
apply to the system design: (Numbers refer to symbols 
in figure 2-17.) 

(1) All landlines or incoming control lines shall 
first terminate on the main distributing frame, (16). 

(2) A Primary Testboard (17) (figure 2-29) shall 
be provided as the first jack appearance of the incom- 
ing lines. This testboard shall be used (a) for clear- 
ing or terminating the line while clearing faults or 
testing; (b) to drop a faulty line and substitute an 
alternative one to maintain service. The lines termi- 
nated on the /ine jacks will be cross-connected on the 
main frame to appear in a systematic or sequential 
order according to the commercial circuit number or 
other identification. The equipment jacks are normalled 
to the line jacks and shall terminate the circuit looking 
toward the equipment within the facility. 

(3) An Audio Patchboard (19) (figure 2-30) 
shall be provided for technical maintenance. The line 
jacks terminate the lines to the primary testboard; the 
equipment jacks terminate at the equipment. The 
equipment jacks shall be cross-connected on the main 
distributing frame (M.F.) to make the equipment 
grouping appear sequentially. (While only one 
AN/FCC-3 is shown, additional equipment will be 
connected in like manner. ) 

(4) The two frames shown, (22) and (23), are 
connected by tie cables. This is a requirement because 
the two equipment spaces are physically separated. 

(5) The d-c outputs of the AN/FCC-3 equipment 
terminate on the looping jacks on the d-c patchboard, 
SB-467/FG (24) (figure 2-31). Battery is supplied by 
the AN/FCC-3 with the tip of the looping jacks always 
of negative polarity. There are 26 circuits per group 
in the SB-467/FG and, since the AN/FCC-3 is a 12 
channel equipment, it has been determined that, to 
obtain symmetry, circuits 1 to 12, beginning at the left 
side of the board contain the first equipment; circuits 
13 to 24 the second, and circuits 25 and 26 are not 
used. This sequence is repeated on the jack groups 
below and on additional patchboards if required. The 
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unused circuits may be assigned for dummy loops or 
test circuits if desired. 

(6) The set jacks of the patchboard (24) are 
terminated on the IDF (25). A tie cable to the Classi- 
fied Intermediate Distribution Frame (C-IDF) is the 
only connection permitted between classified and un- 
classified frames for security reasons. It will be noted 
that provision is made for the future installation of 
single channel crypto equipment. With the installation 
of that equipment there will be complete isolation of 
clear and encrypted circuits in the system. 

(7) The classified d-c patchboard (28) terminates 
the FRXD equipment on the SET jacks. This portion 
of the system shall be grouped to accomodate a 16 
channel system. (Although the AN/FCC-3 is shown as 
the single sideband terminal equipment (36), this 
will eventually be replaced by the AN/FGC-29, a 16 
channel system.) In order to obtain the optimum 
system grouping with minimum loss of circuit capacity, 
the jack field of the patchboard shall be arranged as 
follows: circuits 1 through 8, and 27 through 34 shall 
be assigned for the send side of the first 16 channel 
system; circuits 9 through 16, and 35 through 42, the 
second system; and circuits 17 through 24, and 43 
through 50, the third system. Circuits 25, 26, 51, and 
52 will be unassigned. Since the capacity of the SB- 
467/FG is for 104 circuits, the associated receive 
channels wili be grouped in the same manner. Thus, 
circuits 53 through 60, and 79 through 86 will contain 
the 16 channels of the receive system associated with 
the send system immediately above; circuits 61 through 
68, and 87 through 94, the second system; and circuits 
69 through 76, and 95 through 102, the third system. 
Circuits 77, 78, 103, and 104 will also be unassigned. 
Additional patchboards as required will be placed 
adjacent to the first; thus, the system grouping shall 
progress in the same order toward the right. 

(8) The unclassified d-c patchboard (34) will 
also be grouped for 16 channel system operation as 
described above. By virtue of the system application 
it will be possible here to maintain the same sequential 
order of the single sideband terminal (36) on the 
looping jacks that is established for “‘ > system termi- 
nating on the set jacks. 

c. SUMMARY.—The foregoing discussion should 
be sufficient to have established the procedures to be 
followed in this and similar portions of any system. 
Additional criteria pertaining to the subscriber circuit 
follows: 

In the subscriber circuit terminal, the send teletype 
equipment (1) is shown terminated on the set jacks 
of a d-c patchboard (3). This patchboard is provided 
in torn-tape relay centers and message centers to permit 
substitution of equipment primarily for maintenance, 
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although it may be used infrequently for operational 
purposes. On this board the set jacks shall be arranged 
in a sequential order since quick location of a local 
machine is of greater importance. The loopmg jacks 
do not necessarily terminate in the same order as the 
AN/FCC-3 equipment on the SB-467/FG (8) since 
the channel assignment for the AN/FCC-3 equipment 
may be changed from time to time for technical 
reasons. The remainder of the subscriber terminal 
circuits follows the previously described system design. 

NAVSHIPS 92326 should be referred to for detailed 
circuit connections. Additional information will also 
be promulgated by the Bureau as indicated in the 
Foreword. Further discussion concerning distribution 
frames and patching facilities is contained in 2-15, 
INSTALLATION PRACTICES. 


2-6. RADIO LINK SYSTEMS. 


a. PURPOSE OF RADIO LINKS.—Radio links as 
employed by the Navy are wide-band systems which, 
as complete systems, or with external voice-band carrier 
equipment, provide several voice-band channels over 
a single radio-frequency channel. Operation is in the 
VHF, UHF or microwave portions of the radio spec- 
trum and therefore requires line-of-sight transmission 
paths. The wide-band feature permits voice channels 
to be system engineered to support telegraph carrier 
equipment permitting a multitude of high-quality tele- 
graph channels on each radio-frequency system, or may 
be engineered for wide-band applications such as for 
radar data transmission. 

The primary purpose of the Navy multi-channel 
communication link installations is to provide keying 
of transmitters by the circuit terminal equipment and 
receiver output keying of circuit terminal equipment 
ata communication activity. Remote control functions 
required by certain standard Navy transmitters and 
remote control of receivers may also be effected by 
these channels. Channels are also allocated for order 
wire, link system control, and where required for tele- 
phone service. Presently installed communication con- 
trol links (CCL) are mostly in the VHF range but 
most of this equipment is being replaced by equipment 
operating in the 1700 to 2400 mc range of the micro- 
wave region. The terminal ends of these link circuits 
are provided with both transmitters and receivers for 
simultaneous multi-channel operation and includes ap- 
propriate standby equipment. Where the link terminals 
are s¢parated more than thirty miles or, because of 
terrain, a deviation from a straight line is required, 
one or mort link repeater stations or passive reflectors 
must be provided. The repeater station will contain 
two active transmitters and receivers to facilitate 
simultaneous two-way Communication. 
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Radar link systems provide means whereby radar 
data is supplied for operation of remote indicators 
and application is at localities where installation of 
the radar is at a distance which precludes use of video 
cables. The frequencies used for this service in pres- 
ently available equipment is in the 7000-7500 mc 
portion of the microwave region and thus requires 
special microwave techniques for installation as de- 
scribed in Appendix VI. 

b. COMMUNICATION CONTROL EQUIPMENT. 
—The Navy Model UQ Radio Relay Link Equipment 
is standard for this type of installation at present, 
and detailed discussion of operation, installation, and 
maintenance is contained in the instruction books 
provided. 

A typical installation wiring diagram is shown in 
figure 2-32 with a brief description of the items of 
equipment as follows: 

(1) ANTENNA.—The antenna, used for both 
receiving and transmitting, has either a six-foot or a 
ten-foot parabolic bowl reflector and is mounted on 
an appropriate tower. 

(2) RADIO TERMINAL GROUP, OA-501/FRC. 
—In two-way terminals, the minimum amount of RF 
equipment required for operation is a receiver, a 
transmitter, antenna equipment and a power supply. 
To enable one antenna to be used for both transmission 
and reception, a diplexing filter must be added. This 
group is designed to provide 100 percent standby 
equipment, so several other units are added. These 
are a receiver, a transmitter, a power supply, and auto- 
matic switch-over equipment (including coaxial 
switches). For convenience in making certain connec- 
tions, a termination and convenience outlet panel is 
included. 

(3) VIDEO PATCH, SB-325/FRC.—This Radio 
Signal Distribution Panel includes three rows of four 
connector-adapters each, which are provided so that, 
where both active and standby multiplex equipment 
is supplied, video connection between active and stand- 
by RF equipment and normal or spare modulator and 
demodulator equipment can be changed easily and 
quickly. 

(4) DEMODULATOR GROUP, OA/504 FRC.— 
This group includes components needed to re-create 
each audio signal from a pulse train applied to the 
multiplex equipment by the receiver and to present 
each separate signal to its proper output. 

(5) MODULATOR GROUP, OA/502 FRC. — 
This group contains equipment needed to receive 
speech and/or signalling information from as many 
as 23 different sources at the same time, to prepare 
and insert this information into a pulse train, and 
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to apply the pulse train to the transmitter. The equip- 
ment is used at terminal stations. 


(6) MAIN FRAME.—Following standard instal- 
lation practice, all control equipment is wired through 
the main frame in order that wiring changes may be 
effected and new equipment added without affecting 
existing equipment wiring. 

(7) PATCH PANELS AND TEST GROUPS, 
OA-515/FRC.—Patch groups are required for use with 
each basic multiplex equipment. Therefore, 23-channel, 
two-way terminal stations have two patch groups, one 
for use with the modulator equipment, the other for 
use with the demodulator equipment. 


¢; RADAR RELAY EQUIPMENT.—In order to 
provide remote radar display for radar air traffic con- 
trol, and other applications where a radar site is too 
remote for practical video cabling, microwave radar 
link equipment may be prescribed. A block diagram of 
a typical system is shown as figure 2-33 with a brief 
functional description as follows: 

(1) PURPOSE.—The Mototola MRR-3A Micro- 
wave Radar Relay system provides a microwave carrier 
for transmitting azimuth information, radar video, 
trigger pulses, and range marks from a radar location 
to a remote plan position indicator. Normally, this 
information is transmitted from the radar equipment 
to the PPI by means of a cable. By substituting the 
cable with the MRR-3A system, it is possible to provide 
PPI presentation of radar information at a locacion 
many miles from the radar site. Separation distances 
of 15 to 30 miles are accomplished between the micro- 
wave transmitting terminal at the radar site and the 
microwave receiving terminal at the PPI location, as 
long as a “line-of-sight” path is maintained. Greater 
terminal separation is possible by using as many micro- 
wave repeater stations as are necessary. 

(2) DESCRIPTION.—The Microwave Radar Re- 
lay is primarily designed for use with intermediate 
and early warning radar systems. It is capable of re- 
Jaying the following radar information: three radar 
video signals, trigger pulses, range marks, and azimuth 
information. 

At the transmitting terminal the radar informa- 
tion from the radar set is fed into the video trans- 
mitting equipment which applies it as modulation to 
two microwave carriers in the 7125 mc to 7425 mc 
band. Azimuth information from the radar set is 
converted by the azimuth transmitting equipment into 
three voltages whose relative phase is determined by 
antenna position. These voltages modulate three sub- 
carrier transmitters. Radar video 1, trigger pulses, and 
the subcarriers containing azimuth informatéon are 
combined as a composite signal and applied as modula- 
tion to the microwave transmitting klystron operating 


on channel A. Range marks, radar video 2, and radar 
video 3 are combined as a composite signal and ap- 
plied as modulation to the microwave transmitting 
klystron operating on channel B. 


A single antenna is used for the simultaneous, 
continuous transmission of the two microwave chan- 
nels. The basic antenna structure consists of a wave- 
guide horn feeding a paraboloid antenna. 


In most installations a tower is essential to obtain 
the necessary “line-of-sight” condition between trans- 
mitting and receiving stations. In typical installations 
the antenna is mounted at the base of the tower and 
is directed upward toward a 45-degree passive reflector 
placed at the top of the tower. The reflector, when 
properly adjusted, deflects the beam in the desired 
direction. 

No reflector is required at locations where “‘line- 
of-sight” conditions prevail without using a tower. 
In such locations, the antenna is mounted vertically 
on the RF housing, and direct horizontal propagation 
is obtained without reflectors. 

At the receiving terminal both channels are re- 
ceived on one antenna and waveguide system. Prese- 
lector cavities in the waveguide system separate the 
two channels and feed them to two receivers. The 
output signals from the receivers are fed to video 
separators. The signals from the channel A receiver 
go into a video separator as a composite video signal 
and is separated into three signals: radar video 1, 
trigger pulses, and three subcarrier signals. Subcarrier 
receivers demodulate the subcarrier signals into three 
voltages whose phase relationship contains the azimuth 
information. A servo amplifier and gear train unit 
convert these phase-shifted voltages into azimuth 
signals suitable for driving the PPI servo system. The 
channel B signal is separated in another video separator 
into radar video 2, radar video 3, and range marks. 

These six output signals (three radar videos, 
trigger pulses, range marks, and azimuth information) 
provide the necessary inputs for normal operation of 
a remote PPI. 


d. OPERATIONAL REQUIREMENTS.—In the de- 
velopment of a new facility or in modification of an 
existing one by providing microwave link facilities, 
a careful interpretation must be made of the operational 
requirements of the stations to be linked. The 23 
channels provided by the standard microwave com- 
munication link equipment used in this discussion 
would normally be sufficient to supply the needs of 
most stations especially where it is realized that each 
channel can be engineered for multi-circuit operation 
by the use of tone channels. The project engineer 
will, however, make a thorough investigation of the 
requirements in order to provide sufficient equipment 
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to meet existing requirements and to provide for 
expansion of facilities when required. Due considera- 
tion must also be given to standby equipment and 
facilities for rapid change-over in order to provide 
100% uninterrupted service if possible. 

In planning a new facility, the Bureau of Ships 
provides the Management Bureau with a list of the 
equipment requirements and their cost; final installa- 
tion costs being determined by the Industrial Manager 
or other Bureau of Ships representative. Criteria for 
project construction and collaboration with Public 
Works and Management is outlined in Section 1 of this 
handbook. 


e. SITE CONSIDERATIONS.—The most important 
use for microwave link facilities by the Navy is in the 
provision for control links between the component 
stations of a communication activity. These stations 
are normally situated so as to form a triangle with 
link paths forming the sides of the triangle. Site selec- 
tion for each component, the transmitter station, the 
receiver station, and communication center, is not only 
made with due regard for maximum utility of the 
Station itself, but with consideration for interconnec- 
tion with the other component stations by means of 
the microwave link circuits. The discussion, contained 
in Appendix VI, concerns the general engineering 
problems associated with site selection so as to provide 
microwave link facilities and with provision for relay 
stations if required. Final consideration will rest with 
the Bureau of Ships, where facilities available to this 
Bureau will be used to investigate meteorological and 
terrain conditions which will affect microwave trans- 
missions along any particular path under consideration. 
From these observations, final criteria for the establish- 
ment of a link facility can be determined. 


f. TOWERS AND ANTENNAS.—Antennas used 
in the microwave region are usually of the paraboloidal 
reflector type which have a very narrow beam. For 
that reason, supporting structures must be rigidly con- 
structed to prevent twisting or flexing to such a degree 
that the beam is deflected away from normal during 
high winds or for other causes. Deflection limit for 
antennas is in the order of a few degrees and for a 
passive reflector as shown schematically in figure 2-33, 
less than one degree. The exact limitations are usually 
given in the applicable instruction books. Tower 
height requirements depend on terrain and are specified 
in Appendix VI. In specifications for initial construc- 
tion of towers for link service, space should be provided 
for additiohal antennas if required for expansion of 
service or for use in diversity. 

g. REFLECTORS.—Passive reflectors may be used in 
place of repeaters in some applications such as where 
the direct beam path is over an intervening hill. This 
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requires careful engineering, taking into consideration 
additional path attenuation and the reflection losses 
that will be present. 

Two types of passive reflectors are used, depending 
on the terrain. They are (1) plane reflectors, and (2) 
Passive repeaters. If the repeater stations are so located 
that the signal can be bounced off a plane reflector to 
the receiving station, then the plane type will 
suffice. However, where a high ridge intercepts the 
beam, or a situation exists v. ere a plane reflector can- 
not be made to reflect the sisnal toward the receiver, 
the passive repeater is used. This type consists of two 
parabolic antennas, one fa ing each repeater station, 
and connected together by means of a wave guide or 
coaxial cable. Considerable attenuation takes place in 
either application; more so in the passive repeater with 
its additional transmission line loss, and for this reason 
can be used only on short hops. Both have practical 
application where terrain makes maintenance and in- 
spection of a repeater station difficult. Technical data 
concerning reflectors contained in Appendix "y_. 


2-7. HF DIRECTION FINDER STATIONS. 


a. OPERATIONAL REQUIREMENTS. — In the 
establishment of a Direction Finder Station to meet 
an operational requirement, systems engineering is 
primarily concerned with criteria for the following: 

Site selection so as to provide the best available site 
for direction finder operation; 

Equipment and antenna arrangement including pro- 
vision for clearance which will provide optimum per- 
formance; and 

Provision for communication facilities so that the 
station can be integrated with other direction finder 
and communication activities within the area that is 
to be served. 

b. SITE CONSIDERATIONS.—Selection of the 
proper site is most important for the use of any known 
D/F methods. All factors, such as instrumental, tech- 
nical, and environmental, must be carefully judged. 
The proper choice of site can reduce adverse effects to 
a tolerable value (from two to three degrees bearing 
error). Otherwise, the accuracy and reliability of 
results will be seriously threatened. Siting criteria as 
described in Appendix VIII shall be rigidly followed. 

c. RECEIVING QUALITIES.—A D/F site must 
have excellent receiving qualities. Poor reception limits 
the range of D/F equipment and may introduce con- 
siderable bearing error, particularly if poor reception 
is caused by an unsymmetrical absorbing area. Pre- 
liminary determination of the reception must be made 
from a number of fixed stations over wide ranges of 
distance, azimuth, and frequency. 

Field strength measurements should be made on local 
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and distant transmissions and the noise level at the site 
determined. A survey of sites under consideration, 
conducted in the manner prescribed for a communica- 
tion receiver station, and using the form (Appendix 
IV) will be of assistance to the project engineer in 
making engineering decisions pertaining to site selec- 
tion. 

d, FACILITY ARRANGEMENT.—Figure 2-34 is 
provided to show the typical layout of a D/F station. 
As indicated on the drawing, receiving and trans- 
mitting facilities are required only when they are not 
available locally. Control cable or radio link facilities 
are provided as required for communications. 

Building requirements are outlined in Section 1 of 
this manual, with information on buildings, antenna 
construction, and equipment layout available in the 
referenced drawings on figure 2-34. 

Cables other than those associated directly with the 
D/E equipment must be kept as far from the center 
of the arrays as possible. They should be buried under 
good conductivity soil to the following depths: 


Minimum depth Distance to center of array 


5 feet 300 feet 
3 feet 300-600 feet 
2 feet beyond 600 feet 


The depth of burial should be increased with de- 
creasingly poor soil. 

e. ADCOCK ANTENNAS.*—Direction finders 
presently in use at HF D/F stations employ Adcock 
antenna arrangements. 

The Adcock antenna in its simplest form consists 
of two spaced vertical antennas. The action of this 
arrangement, as far as vertically polarized waves are 
concerned, is identical with a loop since the resultant 
current in the output coil of such an Adcock system is 
proportional to the vector difference of the voltages 
induced in the two vertical members, exactly as in the 
case of the loop. Horizontally polarized downcoming 
waves do not affect the Adcock antenna, however, since 
the voltages induced in the two horizontal members 
which connect the two vertical members to the feeder, 
are of the same magnitude and phase, and so cancel 
Out as the result of the circuit arrangement. 

The effective height of an Adcock antenna is the 
same as that of a one-turn loop of corresponding di- 
mensions. A loop is not limited to a single turn, and 
generally consists of several turns with the resultant 
signal the sum of those induced in each turn. Since 
the Adcock is basically one turn, a larger physical 
structure must be used to obtain comparable response. 
This is one of the chief limitations of the Adcock 
antenna. 

“8 By permission from Radio Engineers’ Handbook by Frederick 


Emmons Terman, Sc.D. Copyright 1943. By the McGraw-Hill Book Co., 
ne. 
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The value of the Adcock antenna system is the 
greatly reduced susceptibility to polarization errors. 
Adcock systems are hence especially valuable at short 
waves, and at ultra-high frequencies, where loops per- 
form least well. 

A perfectly symmetrical Adcock antenna system 
would have zero polarization errors if operated in free 
space remote from all other objects. However, when 
the antenna system is in the vicinity of the earth as 
it must be in a practical installation, polarization 
errors are present to a greater or lesser extent. These 
errors, however, may be reduced by using an exten- 
sive ground mat. 

The sensitivity of the Adcock system to neighboring 
objects, and particularly the earth, has resulted in the 
employment of two pairs of Adcock antennas at right 
angles to each other in a goniometer system, which is 
the system presently employed at a HF D/F station. 

Adcock antenna systems are subject to vertical an- 
tenna pickup just as are loop systems. With Adcock 
arrangements, antenna effect arises from failure to 
maintain symmetry between the various vertical an- 
tennas and their associated leads and coupling coils. 
Electrostatic shielding of horizontal members and also 
the use of electrostatic shields in the coupling coils 
helps reduce unbalances. 

In order to minimize errors in performance, it is 
imperative that precise location and exact installation 
specifications be followed in system engineering of a 
D/F station. This includes the use of a properly de- 
signed and installed ground mat which serves to 
minimize ground effects. The mat stabilizes local 
ground electrical constants and results in decreased 
polarization errors and antenna effect. 

f. EQUIPMENT REQUIREMENTS. — Equipment 
selection to meet the requirements is accomplished by 
the Bureau of Ships which provides the Management 
Bureau with a list of equipment to fill the operational 
needs of the individual activity. Final equipment in- 
stallation costs are determined by the Ipdustrial Man- 
ager or other Bureau of Ships representative. Criteria 
for project construction and collaboration with Public 
Works and Management is outlined in Section 1 of this 
handbook. 


2.8. NAVAL AIR STATION COMMUNICATION 
FACILITIES. 


a. OPERATIONAL REQUIREMENTS. — Radio 
communications at a Naval Air Station include facili- 
ties for ground-to-air communication with tactical and 
transient aircraft, for control of aircraft departures 
and landings, and for communication with other air 
stations and connection to the N.C.S. Systems engineer- 
ing is concerned in the development of such facilities 
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by prescribing the equipment and establishing com- 
munication systems which will most effectively meet 
the operational requirements as established by the 
Chief of Naval Operations (DNC) for the Naval Air 
Station. Installation of such equipment under the 
technical control of the Bureau of Ships through the 
local Industrial Manager or other representative, shall 
be in accordance with criteria as outlined in 1-22d, 
NAVAL AIR STATION RADIO FACILITIES. Gen- 
eral requirements are as shown in figure 2-35. 
b. DEVELOPMENT. 

(1) CONTROL TOWER FACILITIES. — The 
tower, which under standard specifications is five 
stories high, provides space for the installation of 
electronic equipment, in the first, third, and fourth 
floors in addition to facilities for control and operation 
of the equipment in the Control Cab. Standard cel- 
lular floor construction provides space for cable runs 
and permits standard installation practices. Equip- 
ment is provided for tape recording of air traffic control 
communications. Air Stations and Auxiliary Air Sta- 
tions are furnished with a standard Control Monitor 
‘sroup, located in the visual control cab, which provides 
three operators stands or positions, for control of radio 
communication equipment. Normai equipment allow- 
ances generally prescribe five UHF, four VHF, and 
three HF channels under control of tower operators. 
The present standard communication control system 
for air traffic control towers is the AN/FRA-11 Control 
Monitor Group. A brief functional description fol- 
lows: 

(24) CONTROL MONITOR INDICATORS. 

1, Three operating position control indica- 
tors, C-1443/FRA-11, designated “A,” “B,” and “C,” 
are furnished. Each is identical in design, both 
physically and electrically, and are installed in the 
Control Cab. 

2. The control indicator provides switches 
for control of 16 transmitting channels, with lamps to 
indicate a channel in “ready” condition and another 
to indicate it in “use.” 

3. It provides control of 16 receiving chan- 
nels; control to consist of one switch in the loud- 
speaker circuit, one switch controlling the signal into 
the operator’s headset, and an indicator lamp to identify 
the channel on which signal is being received. 

4. A jack is provided for a Western Electric 
52C headset or equal, with attenuator pad for adjusting 
level in the headset receiver. 

5. Arrangement of controls is such that addi- 
tional circuits may be added without removal of the 
console from the tower. 


6. Panels on which switches and components 
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are mounted are in accordance with Bureau of Ships 
drawing RE 23F 225D. 

7. The compartment enclosing the compo- 
nents, terminal strips, etc., has a sloping top with a 20 
degree rise; panels are mounted to permit access from 
the top. The compartment has sufficient height to ac- 
comodate components, wiring, and external connec- 
tions; yet the top panel is not too high for operator 
comfort, in reaching and manipulating the controls 
while seated, and the bottom arranged to permit free- 
dom of movement of limbs while operating a foot 
switch. 

(6) CONTROL EQUIPMENT. 

I, Four equipment cabinets which contain 
the AN/FRA-11 amplifiers, power supplies, etc., are 
located in the electronics equipment room directly be- 
neath the control tower. The cabinets are mounted 
side by side and with a minimum clearance of 30 
inches for servicing at the front and rear. This clear- 
ance is required to accommodate DB meters and signal 
generators used frequently in operational maintenance. 
The equipment racks contain the following AN/FRA- 
11 components and accessories: 

a. Sixteen Relay Assemblies, RE-166/FRA- 
11. 

b. Three Amplifiers, Audio Frequency, 
AM-1043/FRA-11 or AM-413/G. 

c. Four Amplifiers, Audio Frequency, AM- 
1042/FRA-11. 

d. Two Amplifier Assemblies, AM-1044/ 
FRA-11. 

e. Three Power Supplies, PP-1143/FRA-11. 

f. One Panel, Signal Distribution, Radio, 
SB-390/FRA-11. 

g. Two Power Supplies, PP-1142/FRA-11. 

h. One Panel, Power Distribution, SB-389/ 
FRA-11. 

i. Six Patch Panels. 

j. One Patchcord Storage Panel, MX-814/G 

k. One Patchcord Retainer Pulley Assem- 
bly, MX-813/G. 

(c) RECEIVE, TRANSMIT, AND POWER 

SYSTEMS. 

1. The receiving system of the control mon- 
itor group is designed to receive, amplify, and dis- 
tribute the audio outputs from any combination of 16 
radio receivers. 

Special features of the receiving system are 
squelch circuits which reject undesirable receiver and 
line noises, and mixer amplifiers which eliminate the 
need of individual speakers for each channel. The re- 
ceived signals may be switched to overhead speakers, 
pull-down speakers, or to headphones at the discretion 
of the operator. 
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The seceiver lines are routed via a jack 
panel to provide rapid switching between receiver out- 
puts and the 16 control monitor group channels. Addi- 
tional jacks provide patching between receiver outputs 
and voice recorders. 

Indicator lamps provide visual indication for 
each received channel. 


2. The transmitting system of the control 
monitor group can be considered as two separate sys- 
tems: an audio signal distribution system for trans- 
mitter modulation, and a control system for transmitter 
keying. 

The transmitter audio distribution system 
is designed to use either carbon or dynamic micro- 
phone inputs. The microphone outputs are amplified 
to produce ¢ DBM audio level into a control line con- 
nected to the remote transmitter and are switched to 
the desired transmitter, or transmitters, by use of the 
16 channel selector switches. Each channel of trans- 
mitter audio is routed via jack panel to provide rapid 
switching between transmitter audio inputs and the 
16 control monitor group channels. 

The transmitter control system utilizes a 
network of d-c relays and provides keying of any com- 
bination of transmitters. Transmitter selection is ac- 
complished by the same ckannel selector switches as 
are used for the above audio switching; the channel 
selector switches being common to the audio and con- 
trol circuits. The keying lines are also routed via jack 
panels to provide for rapid switching of channels. 
Interlocking relays prevent an operator keying a trans- 
mitter that is already in use. 

2. The AN/FRA-11 is designed to operate 
from a 115 V., 60 cycle, 1 phase, a-c source. Self-con- 
tained power supplies furnish the required D. C. volt- 
ages. 

(d) ADDITIONAL CONTROL FACILITIES. 
—VHF/UHF direction finder indicators are located 
adjacent to the third operator stand or as directed by 
local authorities; with D/F antennas on the tower roof 
or poles as required to meet local requirements. An- 
tennas should be elevated above all other structures 
and for optimum performance; criteria for siting as 
lowed insofar as practicable. 

Radio facilities are provided for communication 
with and control of crash vehicles as prescribed for 
“crash operation” communications. (See para. (10).) 

Other facilities include aerological instruments, 
telephone, inter-communication circuits, and field light- 
ing as required by cognizant authority. 

(2) RATCC.—On stations designated Radar Air 
Traffic Control Centers, the requirement for 2 com- 
plete and rapid changeover between radar and manual 
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traffic control, without compromising flight safety, dic- 
tates a need for the utmost reliability of communica- 
tions between air controllers and pilots. It is therefore 
required that in addition to the control tower equip- 
ment which can be operated jointly by the Control Cab 
and RATCC, standby electronic communication equip- 
ment required in the tower area for Radar Air Traffic 
Control Centers’ use will be as prescribed by current 
directive and connected to permit selected operation 
from either the primary or emergency power source. 

The location of the Radar Air Traffic Control 
Center is in the operations building with provision for 
accessibility to tower communication facilities. The 
equipment layout showing communication consoles 
and radar display are shown in figure 2-36 and are dis- 
cussed further under “Navigational Aid and Traffic 
Control Facilities.” 


(3) OPERATIONS BUILDING. — Communica- 
tion facilities provided in the Operations Building 
(which may or may not be attached to the control 
tower structure) include the Operations or Base Radio, 
and Fleet Air Wing Command, if required. Systems 
engineering will provide teletype equipment; operat- 
ing positions, and patching facilities as required to 
meet the local operational requirements as indicated 
in the Basic Schematic Diagram, figure 2-35. Aerology 
is established within the operations building with 
equipment installed for reception of weather and for 
facsimile weather map service from commercial 
sources. 

(4) ADMINISTRATIVE COMMUNICATION 
CENTER.—Located in the administrative spaces of 
the Naval Air Station, the Communication Center is 
equipped to handle the administrative traffic of the 
station. Teletype equipment normal for NTX opera- 
tion, as well as minor relay facilities, are provided as 
required for local use. Total equipment requirements 
will be based on the overall communication require- 
ments of the station, with consideration given to local 
teletype drops as well as relay facilities to other activ- 
ities. Cryptographic facilities may be installed in either 
the operations or administration building by local 
option. 

(5) TRANSMITTER HOUSE. — Location and 
general description are contained in Section 1. Sys- 
tems engineering is concerned with selection of equip- 
ment to meet the operational requirements of the 
station. In this respect, the size of the transmitter 
building will be determined by the total number of 
transmitters, plus a 25% expansion factor, required to 
fulfill a given operational requirement. The total num- 
ber of transmitters will govern which of the five stand- 
ard building sizes to use. 

The standard building as shown in figure 2-37, has 
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been designed to provide an optimum amount of in- 
stallation space consistent with operations and main- 
tenance requirements, and to most effectively utilize 
an orderly antenna entrance plan. As transmitters of 
an excess of 3 kw are seldom required for air com- 
munications, building size has been reduced accord- 
ingly. 

In general, equipment location parallels that of 
Naval Radio Station practices, where equipment is in- 
stalled in four rows with transmitters spaced three feet 
apart and equipment facing each other in two rows. 

A transmitter control and monitor facility is gen- 
erally provided, and is placed in such a position as to 
allow a clear line-of-sight to as many transmitters as 
possible. 

A main frame must be incorporated as part of 
the system. It may be in a form that is enclosed in 
a CY-597/G cabinet, mounted next to the monitor 
and control facility in the smaller stations; or in a 
very large station, may be open frame construction. 

In most new constructions, sleeve type antennas 
are used almost exclusively. This allows the use of a 
coaxial cable patch board to interchange transmitters 
and antennas. The coaxial patch panel should be 
mounted in an area that will allow the shortest runs 
of cable between the transmitters and the board. It 
should also be placed to allow easy access to, and be 
within sight of, the maximum amount of equipment. 
Its preferred location is in the vicinity of the console. 


In cases where a Naval Communication Station is 
within 2 to 30 miles from the Air Station, the first 
thing to consider is incorporation of air requirements 
into the N.C.S. In many cases this will provide high 
quality communications of a superior nature at a great 
Savings in construction costs, and continuing mainte- 
nance support. The advantages to be gained by use 
of this concept, cannot be too highly stressed. There- 
fore, preliminary planning must first consider use of 
available racilities, before continuing on a basis of 
NAS transmitter building construction. 


(6) REMOTE RECEIVER BUILDING.—Loca- 
tion and description are contained in Section 1. Sys- 
tems engineering is concerned with selection of equip- 
ment to meet the operational requirements of the 
station, and arrangement of the equipment and an- 
tennas to provide maximum utility. Criteria for the 
engineering of a receiving facility at a Naval Air 
Station follows the same concepts as outlined under 
“2-4.d., RADIO RECEIVING STATIONS,” Section 2 
of this Handbook. The standard Air Station receiver 
building is shown as figure 2-38. 

The size of the building is determined by the 
number and types of electronics equipments with asso- 
ciated monitoring, patching and, where necessary, su- 
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pervisory positions required to perform the mission as 
dictated by the authorized operational requirements. 
At least 25% expansion area should be considered in 
initial planning to offset change in mission during 
construction cycle. Initial installation shall be such as 
to permit expansion without disturbing original in- 
stallation of equipment and/or cable. 

In new construction, sleeve type antennas are recom- 
mended in order to reduce antenna requirements and 
promote flexibility. Older installations employ termi- 
nated folded doublets, long wire, or other antenna 
types as have been required to meet local needs. The 
standard receiver building is designed for roof-mounted 
HF and VHF/UHF antenna construction. 

Equipment layout shall be such as to permit opera- 
tion of the complete complex with the least amount 
of internal building travel, maximum flexibility, easy 
access for maintenance, and presenting neat and uni- 
form appearance. When the facility expands to a point 
where supervisory billets must be made available, su- 
pervisory positions shall be centrally located with re- 
spect to patching and monitoring facilities and to the 
operating terminals. This will enable operating per- 
sonnel to quickly restore abnormal conditions and 
accelerate necessary frequency changes; keeping outage 
time to a minimum. 

Cabling and wiring shall be in accordance with 
standard practice based on best known engineering 
practices. Standard practices are intended to simplify 
installation planning, maintenance, and training. 

Bonding, shielding, and grounding shall be in 
accordance with Bureau criteria ror the preservation 
of communication integrity. 

Where the Receiver Building is located in such a 
position as to provide line-of-sight operation to run- 
ways, VHF/UHF receivers may also be installed, in 
addition to the normal HF receiving equipment. 

(7) VHF/UHF TRANSMITTER AND RE- 
CEIVER BUILDINGS.—Their location and description 
are contained in Section 1. 

There should be 1500-foot separation between the 
transmitter and receiver buildings with provision for 
a common emergency power supply housed in a build- 
ing in between. 

Equipment requirements will be based on the op- 
erational requirements of the activity to be served. 

(8) SITING OF COMPONENTS.—Although not 
always obtainable, the following component separa- 
tions are highly desirable minima: (Note separation 
of the transmitter and receiving facilities as shown in 
figure 1-10.) 

(2) Remote transmitter building (HF) to: 
1, Operations building and control tower, 1 
tiile. 
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2. Remote receiver building (HF), 3 miles. 
3. Remote VHF/UHF receiver building, 1500 
feet. 
(6) Remote receiver building (HF) to: 
1. Operations building and control tower, 1 
mile. 
2. Radar installations (depending on type), 
1500 feet. 
3. Highways and industrial and housing areas, 
1 mile. 
4. Open-wire powerlines and station road- 
ways, 1000 feet. 
(c) Remote VHF/UHF transmitter building to: 
1. Operations building and control tower, 
1000 feet. 
2. Remote VHF/UHF receiver building, 1500 
feet. 
(d) Remote VHF/UHF receiver building to: 
1. VHF/UHF transmitters, 1500 feet. 
2. Highways, industrial and housing areas, 
1000 feet. 
3. Radar installations, 1500 feet. 

(9) SYSTEM INTEGRATION.—In planning a 
new facility, or in the modification of an existing one, 
systems engineering is concerned with integration of 
the complete communication facilities of figure 2-35. 
Equipment control cabling must be provided between 
Operations and remote receivers and transmitters, and 
between control tower and remote components of the 
system. This involves considerable underground 
cabling with cable ducts provided for transmitter and 
receiver control as well as provision for expansion of 
facilities, and for exclusive applications independent of 
telephone wiring where control of “on-station” equip- 
ment is involved. 


Based on economic and terrain factors, radio links 
may be required in lieu of cables and should be given 
consideration in overall systems engineering. See 
1-22,k for policy for the establishment of radio links. 
Installation shall be in accordance with criteria con- 
tained in 2-6. 

(10) “CRASH OPERATION” COMMUNICA- 
TIONS.—As directed by effective Bureau of Aeronau- 
tics directives, systems engineering includes provision 
for the installation of FM equipment operating in the 
40-mc band for crash communications. Basic ground 
station allowances to selected activities consist of two 
base stations; one for operation and the other for 
standby. Three remote control units for use with the 
base station will be furnished; one for installation in 
the control tower for ‘‘on field” crash operations. The 
other two are for installation at strategic locations, as 
determined by the local operations officer, for control 
of “off landing field” and “off station” crash operations. 
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(11) MOBILE FACILITIES.—Total equipment 
requirements at a Neval Air Activity includes that 
equipment mounted in vehicles and helicopters as- 
signed to “crash operations.” This is FM equipment 
and when the need arises a crash communication net 
is established under operational control of the appro- 
priate remote control unit. 

A variable quantity of mobile units, based on a 
basic allowance as established by the Chief of the Bu- 
reau of Aeronautics and as required for the minimum 
communication requirements for “crash operations” is 
prescribed. 

In addition, three portable VHF (FM) transmit- 
ter-receivers and two MAY UHF (AM) portable trans- 
mitter-receivers are a part of the prescribed allowance. 
The total equipment allowance will be sufficient to 
permit the implementation of an effective crash com- 
munication circuit. 

Portable GCA installations contain communication 
equipment in addition to other electronics facilities, 
and is discussed further under “Navigational Aid and 
Traffic Control Facilities.” Other mobile equipment 
suitable for Naval Air Station installation is described 
in 2-14., MOBILE INSTALLATIONS, together with 
criteria for equipment mounting on vehicles. 


2-9. AIR NAVIGATIONAL AIDS AND TRAFFIC 
CONTROL 


a. OPERATIONAL REQUIREMENTS.—In addi- 
tion to the electronic communication requirements for 
air establishments ashore as discussed under ‘2-8. NAS 
COMMUNICATION FACILITIES,” certain naviga- 
tional aids and traffic control facilities are prescribed 
by the Chief of Naval Operations. Systems engineering 
is concerned with the selection and installation of this 
equipment to most effectively meet the operational 
requirements. 

The Bureau of Ships prescribes the equipment. A 
list of equipment and its cost is furnished, and in col- 
laboration with Public Works, who accomplishes the 
construction, Bureau of Ships exercises technical guid- 
ance for installation of the electronic equipment 
through the local Industrial Manager or equivalent 
Bureau of Ships representative. Step by step proce- 
dures are outlined in Section 1 of this handbook. 

Systems engineering pertaining to specific naviga- 
tional aid and traffic control facilities is discussed in 
the following paragraphs. 

b. RATCC.—The components of a Radar Air Traffic 
Control Center as described in Section 1 of this hand- 
book consist of the following: 

Medium range air search radar. 
Short range air search radar. 
Precision approach radar. 
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Instrument control room—situation display. 


Systems engineering is concerned with the selection 
and installation of equipment which make up these 
facilities, and with system integration which provides 
effective air traffic control and ground controlled ap- 
proach at a designated Naval air establishment. Fig- 
ures 2-36, 2-39, and 2-40 are provided to show location 
and utility requirements by the Bureau of Ships to aid 
Public Works in the determination of cabling ducts, 
building sizes, and power requirements. 

(1) MEDIUM RANGE AIR SEARCH.—This 
component may be located on the station or remotely 
at another activity, and is not generally operated by 
the Navy. Information on “enroute” aircraft obtain- 
able by this radar is made available to the Control 
Center either directly, by means of remote indicating 
devices located in the Control Center, or indirectly, on 
communication channels between radar and Control 
Center. If the radar is located on the station, the trans- 
fer of video information to remote indicators in the 
Control Center is no great engineering problem and is 
highly desirable operationally. Where considerable 
separation exists, the problem is more complex and if 
direct information is required, video transmission by 
means of radio links or other means must be provided. 
Systems engineering is therefore confronted with the 
problem of providing this information to the Control 
Center by whatever method is applicable to meet local 
requirements. 


(2) SHORT RANGE AIR SEARCH.—This facil- 
ity is permanently housed and located on the station, 
capable of line-of-sight ranges of approximately 20 
to 50 miles at altitudes of 10,000 to 15,000 feet, and 
located so as to have an unobstructed view of the touch- 
down point of all runways to be served. Figure 2-39 
shows typical cabling which will provide remote con- 
trol and display at the Control Center. 

(3) PRECISION APPROACH RADAR.—This 
equipment is housed in a trailer along with other equip- 
ment and trailers necessary for approach and landing 
control. The trailer is located precisely, and on the 
hardstand provided, adjacent to the runway to be 
served. Figure 2-39 outlines the requirements for in- 
tegration with other components, and figure 2-40 shows 
a typical cable layout for stations requiring more than 
one hardstand. Criteria for hardstand construction and 
positioning are discussed under “2-9.d. MOBILE GCA.” 
The hardstand requirements for PAR are not precisely 
the same as for mobile GCA, but similar arrangements 
exist, and it is recommended that where new PAR 
hardstand construction is involved, mobile specifica- 
tions be followed to permit replacement of the PAR 
by mobile CGA if required. 

Instruction books provided with the equipment 
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contain specific instructions for location and opera- 
tional criteria. 

(4) INSTRUMENT CONTROL ROOM.—Figure 
1-5 shows the location (Air Traffic Control), and fig- 
ure 2-36 outlines a typical control room equipment lay- 
out. This layout may be used as a guide but equip- 
ment arrangement will vary from station to station, 
and systems engineering of a facility must be governed 
by local operational requirements as defined by the 
Operations Officer. Radar display facilities are arranged 
to most effectively meet the needs of the control opera- 
tors. Refinements may be engineered into the equip- 
ment which include “video mapping” and arrange- 
ments whereby visual indication of target bearing, ob- 
tained by radio direction finder, may be displayed along 
with the radar information. 

Of special importance is to provide generous air 
conditioning and dehumidification facilities at the con- 
trol center. There is considerable concentration of 
heat-producing equipment in a small area, and with 
the number of personnel required to operate this equip- 
ment, it is imperative that the proper environment be 
provided. This is important not only from the human 
engineering point of view, but to assure that equip- 
ment will operate satisfactorily. 

As indicated in figure 2-36 the equipment require- 
ments for traffic control include control of communi- 
cation equipment as well as radar display. Provision 
must be made for rapid changeover from tower to 
radar control, and for coordination of the two facilities 
for most efficient operation. 

The cables connecting the remote radar equip- 
ment and the tower indicators will be laid in ducts 
across the air station, usually a distance of several 
thousand feet. During wet seasons, it will be found 
that water rises in the cable ducts and manholes and 
that the cables and splices will be underwater. Utmost 
precaution must be exercised during splicing opera- 
tions to assure that the splices are waterproof, because 
a single drop of water entering the cables through a 
leak will lower the insulation resistance and impair 
both the operation of the radar equipment and the 
tower indicators. Wherever it is practicable, the man- 
holes should be built up above grade a foot or two 
and the splices racked in this top part to prevent im- 
mersion during wet seasons. 

Parallel runs of power cables and radar control 
cables should be avoided. If this is not possible, mini- 
mum separation of at least one hundred feet should be 
maintained. Necessary cable crossings should be made 
at right angles to one another. 

ce. FIXED GCA.—At an air establishment ashore 
where the facilities of a medium range radar is not 
available or required, systems engineering of a fixed 
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GCA installation is accomplished in the same manner 
as prescribed for the complete RATCC, but omitting 
equipment and arrangements which pertain to the 
medium range radar. 

d. MOBILE GCA.—The equipment, which is con- 
tained in three vans as described in Section 1 of this 
Handbook, requires precise location for its establish- 
ment. 

In planning a new air facility ashore, or in the modi- 
fication of an existing one, hardstands are constructed 
for the use of mobile GCA. Figure 2-41 shows the 
GCA hardstand locations at a typical airfield with notes 
which indicate provisions that are made to meet opera- 
tional requirements. 


General siting criteria for mobile GCA hardstand 
construction and positioning are as follows: 

(1) One or more hardstands 40 feet by 80 feet 
are constructed with the long dimension perpendicu- 
lar to instrument runway or runways to be served. 

(2) Hardstand to be a minimum of 2500 feet 
from end of runway touchdown point (3000 feet or 
more is preferable), and a minimum distance of 350 
feet (400 feet or more preferable) from runway 
centerline. 

(3) Hardstand should be positioned on the left 
side of the runway as viewed from the aircraft making 
an approach to the instrument runway. “Right hand” 
positioning is acceptable in cases where the same hard- 
stand can be used to serve more than one runway, or 
for other reasons where “left hand” positioning is 
impracticable. 

(4) Shown in figure 2-41 are the hardstand de- 
tails which have been submitted to the Bureau of Ships 
for approval, and were drawn for a particular airfield. 
Specifications prescribe that access (drive) roads to 
the hardstand should be a minimum of 12 feet wide, 
with turning radius, when required, of not less than 
60 feet. The taper from the end of the hardstand to 
the 12-foot width should extend for at least 80 feet 
to permit alignment of the equipment on the hard- 
stand. 

(5) Hardstand should withstand trailer wheel 
loads of a minimum 9000 pounds per wheel. 

(6) Each hardstand will be supplied with 45 KVA 
three phase four wire 120/208 V commercial/station 
power. Transformer(s) are usually housed in an un- 
derground vault. 

(7) The instrument runway hardstand is fur- 
nished with a standard 26 pair communication cable 
terminating in the control tower. Other hardstands 
are supplied with similar facilities in order that com- 
plete inter-communication between tower and all hard- 
stands is provided. Although the foregoing hardstand 
specifications apply particularly to mobile GCA, the 


same hardstand can be used for the PAR component 
of RATCC if provision is made for cable ducts and 
integration with the control center. The positioning 
for PAR units with respect to the runways is similar 
to mobile GCA, and systems engineering of new con- 
struction, where the initial requirement is for mobile 
GCA, should include consideration for future expan- 
sion and possible RATCC installation. This will in- 
volve construction of cable ducts under runways, laid 
out in the direction of the tower (or site of the RATCC 
control center), and which can be used for remote dis- 
play and control purposes. 

e. VHF/UHF DIRECTION FINDERS.—As_ de- 
scribed in Section 1, VHF/UHF direction finder instal- 
lations at air activities are engineered for use at the 
control tower and/or control center, and are standard 
components of mobile GCA. For convenience, D/F 
antennas are generally mounted on the roof of the 
control tower and operated in conjunction with other 
control cab facilities. The usual precautions must be 
exercised in the D/F loop installation to avoid factors 
which affect bearing accuracy. Criteria for siting as 
described in Appendix VIII apply, and should be fol- 
lowed insofar as practicable. 

Systems engineering will give future consideration 
to remote operation of VHF/UHF direction finders. 
In order to secure maximum gapless coverage, the same 
factors which are considered under VHF/UHF AIR/- 
GROUND COMMUNICATIONS are applicable to 
D/F operation at these frequencies. 

f. LF/MF FOUR-COURSE RADIO RANGE.—No 
special systems engineering requirements are indicated 
for this navigational aid of which there are several 
existing installations, out which are now considered 
obsolescent. No future installations are anticipated. 


g. VHF OMNIDIRECTIONAL RANGE.—The lo- 
cation of this facility (AN/FRN-12A) is off the end 
of the instrument runway at a distance of five to eight 
miles as described in Section 1 of this Handbook. 

NAVSHIPS 92326, Bureau of Ships Shore Electronic 
Equipment Installations Plans, contains Electrenics 
Drawing No. RE 6A 2203 which provides siting cri- 
teria for this facility. 

Mobile installations (AN/URN-9) require a hard- 
stand or suitable substitute to withstand minimum load 
of 5000 rounds per wheel, with power requirements as 
specified in Section 1. 


hb. RADAR BEACONS.—A brief description of this 
facility is contained in Section 1. Detailed information 
on siting and systems engineering is contained in the 
instruction books on the equipment currently employed 
for this navigational aid. 
t. UHF RANGE. 
(1) TACAN.—The expression TACAN is a code 
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word for “tactical air control air navigation” and no- 
menclature for the equipment is AN/ARN-21 (air- 
borne portion) and AN/URN-3 (ground portion). 
The system is shown schematically in figure 2-42. 

TACAN is a system of radio navigation which 
provides an aircraft with accurate distance and bear- 
ing information with respect to a selected ground 
station. Both functions are transmitted over the same 
channel, the bearing information being amplitude 
modulated upon the output of a constant duty-cycle 
DME (distance measuring equipment) pulse trans- 
ponder. This system has 126 crystal-controlled two- 
way operating channels available for assignment. The 
frequencies are spaced 1 mc apart. For ground-to-air 
transmissions( serving both bearing and distance func- 
tions), there are 63 frequencies in the band 960 to 
1925 me, plus 63 frequencies in the band 1150 to 
1215 me. 

(2) INSTALLATION.—Because of the frequen- 
cies involved, TACAN performance is influenced in 
the same manner as communications discussed under 
AIR/GROUND COMMUNICATIONS. Location and 
antenna height must therefore be specified on a case 
basis and is a compromise among the following factors: 

(a) Line-of-sight coverage. 

(6) Obstruction and terrain clearance. 

(c) Gaps in solid coverage. 

(d) Cost and installation difficulty. 

(e) Reliability and maintenance. 

(f) Antenna height limits for locations near 
runways. 

It has been determined that coverage and per- 
formance of the AN/URN-3 antenna at a height of 
100 feet is better than that of the antenna at 15 feet 
upon consideration of factors (2), (6) and (c). In 
general, the economic and safety factors (d), (e) and 
(f), favor antenna heights including down to eight 
feet from runway level. 

j. MISCELLANEOUS AIR NAVIGATION AND 
GUIDANCE FACILITIES.—The following are de- 
scribed briefly in Section 1 of this Handbook: 

(1) VHF Fan Marker Beacons. 

(2) “H” Facility. 

(3) Instrument Landing System (ILS). 

(4) Aircraft Guidance Central. 

The Bureau of Ships prescribes equipment for these 
facilities at Naval Air Activities where applicable in 
accordance with operational requirements. Instruction 
books on the equipment contain siting and engineer- 
ing criteria for their establishment. 


2-10. RADAR EQUIPMENT INSTAiLATIONS. 


a. OPERATIONAL REQUIREMENTS. — Systems 
engineering of a radar facility at a shore activity con- 
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sists of adapting a radar system to the operational 
requirement for a particular locality. The design of 
radar equipment is such that all the components of 
a radar system have been systems engineered to work 
together as a unit. Transmitter, receiver, and antenna, 
along with various indicators, are designed for a spe- 
cific function. Systems engineering is therefore re- 
quired to provide the proper environment and utilities 
to obtain satisfactory operation. 

Equipment to meet an operational requirement 
prescribed by the Bureau of Ships. The environment 
for satisfactory operation includes siting, housing, and 
antenna elevation, which will provide the required 
line-of-sight coverage. Utility requirements include 
power for normal as well as emergency operation. 

Systems engineering will give consideration to @p- 
eration and maintenance of the equipment, logistics, 
personnel requirements, and to details of attenited 
versus unattended operation. Remote control and/or 
display may be indicated in the operational requim- 
ment. 

Surface search radars used in harbor defense resume 
particular location and integration with other qem- 
ponents of harbor defense. Systems engineering of sumth 
facilities will be governed by local requiremems. 


Other radar applications ashore include those am 
stalled at training facilities. These consist of smtadlle- 
tions used in maintenance and operational traiming,. 
as well as for specific utility, such as “Ground (om 
trolled Intercept.” Fire control radar installations trave 
application in training and are under cognizasice aff 
the Bureau of Ordnance. Where INDMAN persommail 
are concerned with such installations, advance ¢pilan- 
ning should include technical assistance by Burean if 
Ordnance engineers, so that most efficient results can 
be obtained from this equipment when ‘“turmover” 
to Management is effected. 


Most operational radars under technical contral af 
the Bureau of Ships are used in air surveillance agppili- 
cations. These radars, as described in Section 1, ame 
used at Naval air stations as components of radar air 
traffic control, or for general utility, and search and 
rescue operations normal to aircraft operation. 


b. SITING CRITERIA.—Most radars operate in the 
microwave portion of the radio spectrum with prona- 
gation in the troposphere, and therefore require an- 
tenna elevation above surrounding obstructions for 
line-of-sight operation. The same principles apply 
that govern link paths, as discussed in Appendix VI, 
MICROWAVE LINK SYSTEMS, except that coverage 
is usually extended to 360° for most applications. The 
first consideration in site selection therefore, is to select 
a site to give the desired area or sector coverage for 
line-of-sight operation. 
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Because of terrain, or other factors where location 
of the facility is remote, whether on or off a station, 
consideration must be given to several other factors 
which influence site selection. A remote site may be 
selected which is ideal from a propagation point of 
view but provision for power and utilities, as well as 
road building and other construction, may increase the 
cost so as to be prohibitive. In remote operation, the 
problem of maintenance must be considered; unat- 
tended operation being impracticable. Total person- 
nel requirements for remote operation are greatly in- 
creased over operation of any facility near the center 
of activity. 

A medium range air surveillance facility may be in- 
stalled on or off a station, and may or may not be 
operated by the Navy. When an operational require- 
ment specifies that the Navy install such equipment at 
an air activity, it is highly desirable that installation 
be made on the station, and if possible, at the site of 
the control center. 


Where a remote radar installation is serving a station 
for medium range operation, provision is made for com- 
munications and remote display if required. Communi- 
cation between the control tower and radar sites, or 
between a control center and radar sites, may be by 
telephone, intercomm, or radio channels. Where re- 
mote display is required at the control center, the engi- 
neering is more complex. Video lines may be used 
to supply information to the control center indicators 
if the distance is less than 10,000 feet, and terrain and 
other factors permit. At greater distances microwave 
radar relay service is indicated, and equipment can 
be provided which will furnish this service; engineer- 
ing of such facility being guided by principles dis- 
cussed under LINK SYSTEMS. 


In siting for a short range facility as used as a com- 
ponent of GCA, an unobstructed view of the instru- 
ment runway touchdown point(s) is mandatory, and 
highly desirable for touchdown points of other run- 
ways to be serviced. Operating characteristics of the 
equipment require a separation of about one-half mile 
between radar and touchdown points. In these appli- 
cations, cable runs must be provided for remote control 
and display at the control center. Remote operation is 
normal for this facility but equipment requirements 
should include local indicators for maintenance and 
emergency use. 


Mobile radar sets have application for harbor de- 
fense, and for mobile ASR and PAR service at air sta- 
tions. These radars are self-contained units; van- 
mounted; and are provided with their own power sup- 
ply and communication facilities. Siting will depend 
on local terrain and requirements. These air surveil- 
lance radars provide short range radar facilities for 
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traffic control where permanent installation is not fea- 
sible. This facility finds greatest application at seaplane 
bases where it is necessary to control seaplane traffic 
from a point ashore close to takeoff and landing areas. 
Hardstand and commercial power may be provided as 
required for semi-permanent application of this mobile 
equipment. 

c. ANTENNA CONSIDERATIONS.—The  estab- 
lishment of a radar system at a shore establishment as 
a result of an operational requirement involves a 
choice of radar sets to meet the requirement. Design 
has brought about various types of radars to meet spe- 
cific requirements, and it is customary to design the 
antenna along with other components of the system to 
provide optimum performance. Because microwaves are 
employed in radar, optical principles may be used to 
design the antenna to obtain the desired beam pattern. 
The following brief discussion of various types of 
antennas, and resultant beam patterns, is provided. 


(1) ANTENNAS FOR TOROIDAL BEAMS.— 
The least directive beam is the ‘toroidal beam,” which 
is uniform in azimuth but directive in elevation. Such 
a beam is desirable as a marker for an airfield because 
it can be detected from all directions. A toroidal beam 
may be produced by an isolated half-wave antenna. 
This is a useful antenna over a large frequency range, 
the limit being set by the mechanical problems of 
supporting the antenna, and achieving the required 
isolation. The beam thus produced, however, is too 
broad in elevation for many purposes. 


(2) PENCIL BEAM ANTENNAS.—The most 
directive type of antenna gives a “pencil beam,” in 
which the major portion of the energy is confined to 
a small cone of nearly circular cross section. With the 
high directivity of this beam goes a very high gain, 
often as great as 1000. Such a beam may be used like 
a searchlight beam in determining the angular position 
of a target, and finds application in the PAR used as 
a component of GCA. 

Although the pencil beam is useful for precise 
determination of radar target positions, it is difficult 
to use in locating random targets. For the latter pur- 
pose it is better to use a ‘fanned beam,” which extends 
through a greater angle in one plane than it does in 
a plane perpendicular to that plane. The greater part 
of the energy is then directed into a cone of roughly 
elliptical cross section, with the long axis, for example, 
vertical. By sweeping this beam in azimuth, one can 
scan the sky more rapidly than with a pencil beam, 
thereby decreasing the time during which a target may 
go undetected. Such a fanned beam still permits precise 
location of targets in azimuth, at the expense of loss 


of information concerning target elevation. 
(3) SHAPED-BEAM APPLICATIONS. — The 
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highly directive beams attainable with microwave an- 
tennas have been utilized to achieve large antenna 
gain, precision direction finding, and a high degree of 
resolution of complex targets. The exploration of a 
wide angular region with such sharp beams requires an 
involved scanning operation in which the scanning 
time becomes a limiting factor. This problem is much 
simplified if the required scanning can be reduced to 
only one direction, the coverage of the angular region 
being completed by fanning the beam broadly. For 
many applications, however, the characteristic shape of 
the fanned beam obtained by simply reducing the cor- 
responding dimension of the aperture is unsatisfactory; 
it may be wasteful of the limited microwave power, 
or it may result in a very unequal illumination of tar- 
gets in different directions. To overcome these limi- 
tations, it is necessary to impose on the beam, by special 
design techniques, some shape not characteristic of the 
normal diffraction lobe. These beams are referred to 
as shaped beams, and the antennas that produce them as 
shaped-beam antennas. This type of beam-shaping has 
application in the radars associated with air surveillance 
and other operational radars used at shore activities. 


For use in search for aircraft, an antenna on the 
ground or ona ship is required to produce a beam sharp 
in azimuth, but shaped in elevation. The azimuth cov- 
erage is obtained by scanning. The elevation shape of 
the beam must provide coverage on aircraft up to a 
certain altitude and angle of elevation, and out to the 
maximum range of the system. This is to be accom- 
plished without wasteful use of available power. The 
antenna beam need not meet the coverage requirement 
very accurately, since conservation of power and a rela- 
tively constant signal on a plane at a fixed altitude are 
the only objectives. 


In order to maintain a fixed minimum of illumina- 
tion on the aircraft at various points along the upper 
contour of the coverage diagram, it is necessary that 
the amplitude of the antenna pattern be proportional 
to the distance r from the antenna to the aircraft on 
that contour. In other words, the coverage contour 
can be taken to be the amplitude pattern of the an- 
tenna. Since r = h csc 6, the amplitude pattern must 
be proportional to csc 6, or the power pattern must be 
proportional to csc? 6. The proportionality must hold 
over the region from a minimum angle arc sin h/fpus, 
to the maximum elevation angle for which coverage is 
required. 

(4) ANTENNA HOUSING.—Where radar in- 
stallation is to be made in areas subject to severe weath- 
er conditions, two types of protective systems are avail- 
able for protection of the antenna. One is an air sup- 
ported shelter system (rubber radome cover). This 
cover is flexible and is supported by a blower system 
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with automatic features which pressurizes the inside. 
Another system is a rigid shelter system constructed 
of prefabricated, panelized sections, which does not 
require auxiliary power or integral equipment. Pref- 
erence is given to the rigid shelter system. 


d, TOWER HEIGHT.—Several factors may in- 
fluence tower height. In an attempt to obtain maxi- 
mum line-of-sight coverage, consideration must be 
given to aircraft clearance at air activities. Criteria for 
this is laid out by the Bureau of Aeronautics’ “Planning 
Standards.” 

One of the factors which comes under consideration 
in radar applications at shore activities is the subject 
of imperfect radar performance due to “‘self-interfer- 
ence.” This phenomena is caused by ground reflections 
which can produce nulls in coverage in the same man- 
ner as discussed under VHF/UHF AIR/GROUND 
COMMUNICATIONS and produce undesirable false 
echoes, double echoes, or flutter effects similar in nature 
to the propagation difficulties experienced in micro- 
wave link systems as discussed in Appendix VI. These 
effects may be especially important in areas where the 
ground is perfectly flat and has good conductivity, as 
may be expected over sea areas. There is undoubtedly 
an optimum tower height that, for a given beam pat- 
tern such as the csc” pattern as employed in medium 
range air search radars, these adverse effects may be 
minimized. There is also some evidence that there is 
an optimum tower height for MTI operation. Precise 
information, however, is lacking on these subjects. 


In practice, the tower height is specified to be no 
higher than necessary to obtain line-of-sight coverage. 
As discussed in connection with radar installations at 
Naval air stations, in order to minimize transmission 
line (waveguide) losses, tower heights of 100 to 125 
feet are prescribed as the limit. When greater tower 
heights come under consideration, installation of equip- 
ment in the tower to shorten the waveguide is not 
recommended where this requires access to the equip- 
ment house by means of long ladders. A better method 
is penthouse construction of equipment housing on 
existing buildings. This permits greater accessibility 
which is an important factor in maintenance. 


e. INTERFERENCE.—Systems engineering is also 
concerned with radio interference at shore activities 
where both radar and communication radio facilities 
are installed, as radars sometimes produce interference 
to communication equipment. Radar interference at 
the output of communication receivers can usually be 
attributed to one or both of the following phenomena: 
(a) shock excitation of the receiver tuned circuits due 
to the reception of the steep wavefronts associated with 
the high-power pulse that modulates the magnetron. 
This energy is radiated from the metallic parts of the 
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radar set, including the antenna reflector and intercon- 
necting cables, and is picked up by the receiving an- 
tenna. (b) Receiver case penetration of the radiated 
radar energy which becomes rectified inside the re- 
ceiver, and reverts to frequency components within the 
acceptance band of the equipment. 

Modern radar sets which have met the current inter- 
ference design specifications can be placed in very close 
proximity to receiving antennas without causing the 
first type of interference. Older radars, however, should 
be located so that a separation of approximately 1500 
feet is maintained between the LF-MF and HF receiv- 
ing antennas and any portion of the radar set including 
above-ground power lines to the radar. The second 
type of interference is a function of the shielding in- 
tegrity of the receiver cabinets. In all cases, an effort 
should be made to locate the radar antenna so that 
the receivers are not immersed in a strong radiated 
field. Where such location becomes a problem because 
of operational requirements, consideration should be 
given to which facility has operational priority. In 
tibe: usual case, operation of communication equipment 
im the radar propagation path is only for emergency 
jpurpases, and consideration can then be given to radar 
‘sthundown or limited scanning. This problem can 
a : be resolved to meet local requirements in a 
‘sutisfixctory manner. 

SeMaMbene multiple radar systems are installed at a shore 
‘Geidistiment, radar-to-radar interference may become 
_ Spouilem. This type of interference can be eliminated 
ae currently available equipment by the introduction 
suitable blanking pulse into the provided blanking 
pax which renders the radar receiver inoperative 
m the instant the interfering signal is being 


wF.—Operational requirements at shore activities 
fieny poescribe the installation of IFF equipment. When 
a jReeKUTs, applicable SERIS (Shore Electronic Recog- 
Weliem and Identification System) diagrams are ob- 
telted from the Bureau of Ships, and provision made 
‘iki: equipment in the overall systems engineering. 


2-1F.. HARBOR DEFENSE FACILITIES ENGINEERING. 


NAVSHIPS 900,166A, Technical Information for 
Harbor Defense Planning, and NAVSHIPS 250-770-1, 
Harbor Defense, are issued for use and guidance by 
Naval personnel and others who have the responsibil- 
ity for planning harbor defenses with currently avail- 
able equipment and material. All phases of harbor 
defense are covered in the two publications, which in- 
cludes systems engineering of all lectronic equipment. 


2-12. TRAINING FACILITIES. 


Systems engineering of electronic installations at 
training activities involves consideration of the pur- 
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pose of each installation on its own merits. No set of 
rules could be set up that would apply to all installa- 
tions, and any training project which requires elec- 
tronic equipment must be engineered for maximum 
utility of the equipment for training in operation and 
maintenance as required. New building construction 
to house electronic equipment should follow the gen- 
eral pattern applying to transmitter or receiver station 
buildings, with provision for cellular floor construction 
and power availability. Standard shore installation 
practices should be followed wherever possible, and 
where standard shipboard or air-borne equipment is 
installed, applicable equipment arrangements simulat- 
ing normal environment will facilitate maximum 
training utility. 


2-13. RADIAC REPAIR FACILITIES. 


NAVSHIPS 92326 contains Bureau of Ships drawing 
RE 10 D2121, Radiac Repair Facilities Layout, and 
other drawings which will assist electronics engineer- 
ing in the development of a radiac facility, if required. 
Because of personnel hazard and other factors involved, 
radiac repair facilities are only authorized for estab- 
lishment at specific locations as indicated in current 
Bureau of Ships directives. 


2-14. MOBILE INSTALLATIONS. 


a. EQUIPMENT.—Most of the mobile electronic 
equipment presently in use by the Navy is used for 
internal security operations and for emergency com- 
munications at air stations. Some of the other types 
available include electronic equipment installed in 
jeeps and small trucks which are compact and highly 
maneuverable. These small units may be used for such 
purposes as anti-aircraft and anti-tank warnings, fire 
control and fire direction nets, control nets for base 
stations, ground-air liaison, and for short-range com- 
munication in the field. The frequency range and 
type of equipment installed in such vehicles depends 
on the intended operation. 

The Navy also has available large communication 
vans that may be used to set up a complete communi- 
cations center, including coding and radio teletype 
facilities. These may consist of separate receiving vans, 
separate transmitting vans, separate coding vans, all 
with their own power supply units. They may consist 
of VHF/UHF relay vans complete with terminal equip- 
ment, or complete teletype transmitting and receiving 
vans. These mobile communication vans may be used 
to set up an advanced base communication center, or 
for various types of emergency communications. 

There are also several types of mobile D/F, radar, 
GCA, radar beacons for navigational aids, GCI fighter 
direction, surface and air defense, and IFF vans; all 
designed and built for specific purposes. No attempt 
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will be made to describe all the various types of mobile 
electronic equipment in use by the Navy. Information 
on these systems may be found in NAVSHIPS 900,123, 
and the instruction manuals furnished with the vans. 

b. RADIO INTERFERENCE REDUCTION.—Most 
mobile units are procured by the Bureau of Yards and 
Docks from the Army Ordnance Corps. Normally, the 
interference reduction requirements applied to these 
procurements are those outlined in MIL-S-10379A. Of 
the interference sources on the engine, those associated 
with the high-voltage system are likely to be the most 
troublesome. The most practical methods of reducing 
the effect of ignition noise are the use of noise limiters 
in receiving equipment, and the installation of shield- 
ed ignition systems, resistor-type spark plugs, external 
Suppressors, or resistance-type high-voltage ignition 
wires. 

The low-voltage sources of interference include the 
generator and the voltage regulator. Generator hash 
is caused by sparking at the commutator. The pitch 
of the noise varies with the speed of the engine. The 
normal solution to this problem is to use a capacitor 
(0.1 to 0.25 mfd) in the armature circuit mounted on 
the generator frame as close to the commutator as pos- 
sible. Interference from a voltage regulator may be 
reduced by installing a capacitor (0.1 to 0.25 mfd) 
at the battery and generator terminals of the regu- 
lator. A 0.002 mfd mica capacitor and a 4-ohm resistor 
in series, connected from the field terminal of the reg- 
ulator to ground, will result in further reduction. 
Extreme cases may require the insulation of the regu- 
lator from the car metal, and shielded wire from the 
regulator to the generator. Ref. NAVDOCKS P-278. 

Two minor types of interference which are some- 
times encountered are wheel static and tire static. 

Wheel static shows up as a steady popping in the 
receiver at speeds over about 15 mph on smooth dry 
streets. Front-wheel static collectors are available to 
eliminate this variety of interference. They fit inside 
the dust cap and bear on the end of the axle, effec- 
tively grounding the wheel at all times. Rear-wheel 
collectors have a brush that bears against the inside of 
the brake drum. It may be necessary to order these 
through a car dealer. Tire static sometimes sounds like 
a leaky power line and can be very troublesome even 
on the broadcast band. It can be remedied by injecting 
an antistatic powder into the inner tubes through the 
valve stem. The powder is available at car dealers. 


2-15. INSTALLATION PRACTICES. 


a. OBJECTIVE.—The objective of the following 
paragraphs is to provide notes and references on 
standard installation practices which will assist in the 
systems engineering of a facility to obtain maximum 
performance, to provide flexibility, and to operate with 
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a minimum of interference with respect to other 
installations. 

As discussed elsewhere in this Handbook, considera- 
tion is given first to selection and arrangement of the 
equipment. This includes such items as antennas, 
matching and transmission-line arrangement for a 
transmitting or receiving facility, site selection, hous- 
ing, power, and optimum antenna height for installa- 
tions where this is an important factor. Also included 
is equipment arrangement so as to provide adequate 
working space needed in operation and maintenance, 
provision for flexibility in use, and consideration for 
alteration and future expansion of facilities. Systems 
engineering proceeds with preparation for installation 
of such components by the compilation of installation 
requirements after equipment arrangement has been 
established. 

b. INSTALLATION PROCEDURES.—To enable 
systems engineering to follow proper procedures of 
installation, NAVSHIPS 900,171, Electronic Installa- 
tion Practices Manual has been prepared. This manual 
is intended for the use of the electronics installation 
worker, and although application is aimed primarily 
at shipboard installations, much information contained 
in various chapters of the manual is usable for shore 
electronics work. It may be used as a reference book 
on installation practices or in training beginners in 
Naval electronic installation work. Where a conflict 
may exist between installation practices as described 
in NAVSHIPS 900,171 and those contained herein, 
the concepts contained in this publication (NAV- 
SHIPS 92675) will prevail. 


A brief description of the contents and/or intent 
of each chapter of NAVSHIPS 900,171 follows: 


Chapter 1, Safety and First Aid. 


The safety precautions outlined in this chapter 
are not intended to supersede information given in 
instruction books or other applicable instructions for 
the installation of electronic equipment. They are 
intended to doubly impress upon personnel the hazards 
involved in working with or around high-voltage 
electronic equipment, and the precautions to observe 
inthe. p 

Special precautions are required for electronic 
equipment because power supply voltages up to 40,000 
volts and even higher radio frequency voltages are 
used. Special precautions are also necessary because of 
the effect of electrical fields existing in the vicinity 
of antennas and antenna leads which may introduce 
fire hazards, especially where explosive vapors are 
present. 
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Additional precautions are needed for personnel 
working aloft to prevent injuries due to falls, often 
complicated by possible shock. 
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Chapter 2, Extinguishing Electrical Fires. 

All personnel working with or around electronic 
equipment should know exactly what to do if an 
electrical fire starts. Such knowledge is essential along 
with familiarity with local fire regulations. Personnel 
will locate and determine the type of portable ex- 
tinguisher available in the vicinity of any new working 
quarters. Valuable time must not be lost trying to 
remember the location of a fire extinguisher or by 
becoming panic stricken. Lives of many people— 
important electronic equipment—even a ship—may 
be saved by knowing how to extinguish an electrical 
fire. 


Chapter 3, Hand Tools. 

The hand tools illustrated in this chapter are 
those most likely to be used in electronic installation 
work, and include special-made electronic tools. Since 
the same tool may vary slightly in appearance, depend- 
ing upon the manufacturer, or late improvements, 
these illustrations are general in detail. Instructions 
are given for the proper use and maintenance of these 
tools. 

Standard Navy stock numbers of tools discussed 
are listed in Section 3-3 of NAVSHIPS 900,171. 


Chapter 4, Test Equipment. 

Yhe purpose of electronic test equipment is to 
measure accurately the value and to determine the 
nature of unknown quantities in circuits of electronic 
and electrical equipment. Once the measurements are 
made, they are used to determine the operating condi- 
tion of the equipment under test. 

Some of the fundamental measurements that are 
made in electronic testing are as follows: 

Voltage. measured in volts or microvolts. 

Current, measured in amperes, milliamperes or 
microamperes. 

Resistance, measured in ohms or megohms. 

Each of these measurements is used to determine 
the operating condition of electronic or electrical 
equipment. The accuracy with which these measure- 
ments are made depends on the type of instrument 
used, its sensitivity, its rated accuracy, and its useful 
range. 

Chapter 5, Electrical Wire Connectors. 

This chapter discusses, in order, the three major 
groups of electrical connections as used in electronic 
installations. In these three groups, wire termination 
is a presistent electrical problem. No matter what the 
form of application, the quality of wire terminations 
must be excellent. These three major groups are as 
follows: 

1. SOLDER TERMINALS. 
Solder terminals are widely used in electronic 
work. When properly made they are strong, perma- 
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nent connections. However, there is always the danger 
of a “cold solder joint” and of corrosion from soldering 
fluxes unless care is used. Acid fluxes should never 
be used. 

Soldering to various types of terminals is dis- 
cussed in Section 5-2 of NAVSHIPS 900,171. 

2. SOLDERLESS TERMINALS. 

For some applications in electronic work, the 
use of an approved solderless terminal has been author- 
ized. Some of the considerations that make up a good 
solderless connection are as follows: identical and 
uniform connections, insulation support, low resistance, 
radio noise interference-free, and corrosion proofings. 
Solderless terminals are discussed in Section 5-3 of 
NAVSHIPS 900,171. 

3. “AN” CONNECTORS. 

“AN” connectors are sometimes used for power, 
indicating, and control circuits of shipboard electronic 
equipment. They provide means of making dependable 
connections in water-proof, moisture-proof, flame- 
proof, vibration-proof, and pressure-proof applications. 
A complete “AN” connector is made up of two mating 
units: a plug assembly, and a receptacle assembly. 

The “AN” prefix in connector part numbers 
indicates that design, materials, and construction con- 
form to the military specification MIL-C-5015. “AN” 
connectors are discussed in Section 5-4 of NAVSHIPS 
900,171. 


Chapter 6, Insulating and Water-proofing. 

This chapter is written to provide the installation 
worker with concise and factual information concern- 
ing the eiectrical characteristics of insulating and 
water-proofing materials, as well as the techniques 
used in the application of these materials to electronics 
work. 

All insulating materials are classified in five 
categories; each one of which exhibits varying degrees 
of reaction to temperature, moisture, etc. 

Section 1 defines these classes of insulation, lists 
their properties (resistance, dielectric strength, etc.), 
and the factors affecting their properties. In addition, 
fabricated insulating materials which may be obtained 
from shop supplies are included, together with perti- 
nent information intended to familiarize the worker 
with a general background of the subject matter. 

In Section 2, the approved methods of storing, 
maintaining, using insulating and water-proofing mate- 
rials are presented. 

Iiowever, when a detail specification for insulat- 
ing and water-proofing is given on installation specifi- 
cations, requirements and/or drawings, the specifica- 
tion should be used. 


Chapter 7, (unavailable). 
Chapter 8, Stuffing Tubes and Kickpipes. 
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Material discussed concerns shipboard installations 
mainly, but may have application in shore installations 
such as harbor defense, where shipboard practices 
may be indicated. 

Chapter 9, Cabling. 

This chapter concerns cable types and applica- 
tions, including procedures for installation of certain 
cables needed for electronics installation. However, 
few of the cables commonly used in shore communica- 
tions installations are described. 


Chapter 10, Flexible RF Transmission Lines and 
Fittings. 

Contains general description, installation handling, 
splices, and testing of solid dielectric cables. 

Chapter 11, Rigid RF Transmission Lines. 

Rigid RF transmission lines include waveguides 
(rigid and flexible), bead-supported coax (Teflon and 
Steatite), stub-supported coax, and Pyrotenax cable. 


Chapter 12, Batteries. 

Contains information pertaining to the construc- 
tion and installation practices which concern storage 
batteries and dry batteries. 


Chapter 13, Equipment. 

This chapter discusses electronic equipments which 
are installed aboard Naval vessels, insofar as the in- 
stallation worker is affected. 

Shipboard electronic equipment includes the fol- 
lowing categories: Radar, Radio, Sonar, Radiac, Tele- 
type and Facsimile, invisible light (infrared and ultra 
violet), television, IFF, telemeter systems, and elec- 
tronic test equipment. 

The descriptive material and illustrations con- 
tained herein cover methods of uncrating, carrying, 
hoisting and installing electronic equipment. 


Chapter 14, (unavailable). 


Chapter 15, Motors, Generators and Amplidynes. 

The primary purpose of this chapter is to provide 
electronic installation personnel with information and 
procedures necessary for the proper installation and 
care of motors, generators, and amplidynes. 

Chapter 16, (unavailable). 

Chapter 17, Tubes. 

This chapter covers transmitting and receiving 
tubes in some detail, as well as special receiving devices. 
Figure 17-1 illustrates various receiving tube styles. 
The chapter also covers some of the less frequent ap- 
plications to which tubes may be used. 

Chapter 18, Tables. 

The purpose of this chapter is to provide the 
electronic installation worker and electronic engineer 
with tables, scales, conversion charts, equations, and 
reference material prepared especially for application 
to electronic equipment. In addition, the tables, scales, 
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conversion charts, etc., adapted for general use are 
included. 

This special material includes, for example, 
cabling, tables, JAN nomenclature, fundamental an- 
tenna formulas, the formula for determining the char- 
acteristic impedance of coaxial or concentric cable 
lines, stuffing tube information, standard Navy color 
codes, and CG, RG and UG type designations with 
available Navy stock numbers. 

Chapter 18 is thus prepared to assist the electronic 
installation worker in his daily duties and the electronic 
engineer in his daily calculations. Both should be 
cautioned, however, that the information listed is to 
be used only in the absence of a more specific data. 
Reference data, especially item lists, must be revised 
to keep pace with electronic equipment and methods 
of use. 


Chapters 19, 20, (unavailable). 


Chapter 21, Filters. 

It is the purpose of this chapter to present a 
general knowledge of filters, their limitations, and 
proper installation methods. 

Grounding and shielding techniques are discussed 
only as they affect the performance of the filters. 

c. FLEXIBILITY.— Electronic installations at shore 
activities have been standardized by building specifica- 
tions which require cavitated cell or ttenched flooring 
where multiple equipment installations are involved. 
Flexibility with regard to future alteration or expan- 
sion involves consideration of space requirements and 
the initial installation of sufficient spare cabling. 

d. DISTRIBUTING FRAMES AND PATCHING 
FACILITIES.—Where multiple equipments are in- 
volved such as those at transmitter, receiver, and com- 
munication center activities, the components which 
are designed to provide flexibility in use with provi- 
sion for expansion and alteration are “Main Frames.” 
Standard Installation Practices require that all equip- 
ment controls, patching, and monitoring facilities be 
wired through the main frame. The purpose is to 
eliminate ‘‘permanent’” patches so that under normal 
operating conditions, no patching is required; patch- 
ing facilities being used only in unusual circumstances 
such as in emergency, or in the performance of test, 
temporary monitoring, and maintenance operations. 

(1) DEFINITIONS.—The following definitions 
apply: 

Main Distributing Frame (MDF).—Terminates 
outside lines entering the building and equipment 
lines inside. 

Outside lines may be terminated on protected or 
unprotected terminals, depending upon local condi- 
tions. Protected terminals are used for protecting per- 
sonnel and inside equipment against excessive voltages 
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originating outside. When heat-coils or fuses are used, 
both outside cables and inside equipment are protected 
against excessive currents, regardless of the source. 

Intermediate Distribution Frame (IDF).—Is used 
for tie-points or inter-connecting between equipment, 
or equipment spaces within the building. 

Combined Distributing Frame (CDF).—When the 
functions of the MDF and IDF are combined, the 
frame is designated CDF. 

Classified Intermediate Distributing Frame (C- 
IDF).—This frame is peculiar to the Naval service 
and is so designated to indicate the nature of the 
circuits terminated. Circuits carrying classified informa- 
tion in plain language cannot be terminated on the 
same distributing frame with those carrying unclassi- 
fied traffic. In fact, classified and unclassified frames 
must be separated spatially a minimum of six feet to 
minimize inadvertent cross-connecting of circuits and 
the jeopardizing of security. 

(2) GENERAL.—The main distribution frame 
is the division point between the outside and inside 
of the station. All trunk circuits to and from the sta- 
tion are terminated at the main frame. Normally, 
all incoming and outgoing cable pairs, and all wiring 
within the station, except interbay, terminate on the 
main frame in order to facilitate trouble shooting, and 
provide flexibility in arrangement of circuits. Localiza- 
tion of trouble, if not determined by checks at patch- 
boards, is facilitated by final line checks at the main 
frame. All wiring to the patch panels is terminated 
on a distribution frame. By proper cross-connection 
at the frame, any jack on the patch panels can be con- 
nected to any keying line or facility. By these cross- 
connections, the patch panel jacks are arranged so 
that operators can conveniently switch equipment and 
keying lines, as required. 

The ‘ocation of the main frame depends mainly 
on the location of the terminal equipment within the 
building. It is general practice, where space permits, 
to bring the outside cables into a vault. From there 
they may be routed up through the floor and termi- 
nated on the main frame. Where a cable vault is 
provided, the main frame should be located where it 
requires a minimum number of bends in the duct 
system, and as close to patch panels as practicable. This 
is usually done by having the frame in line with the 
entrance ducts lengthwise to the cable vault, and in 
the immediate vicinity of the associated patchboard. 


The frames are composed of built-up units of 
steel framework used for the mounting of terminal 
boards. The number of frames depends on the number 
of lines to be-served. In all cases, consideration should 
be given to the possible future growth of the station 
and of the main frame. Enlargement of the main frame 
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should not interfere with other equipment, nor should 
other equipment lie in the path of the ultimate growth 
of the main frame. Framework may extend from deck 
to overhead, but the installation worker should not 
have to lie down to solder connections. 
Distributing frames may be constructed to have: 

(a) Vertical terminals on one side, and hori- 
zontal on the other side. 

(6) All vertically mounted terminals on one 
side only, or 

(c) Both vertical and horizontal terminals on 
one side. 


In a large installation, the use of (a2) is recom- 
mended because of the advantage in having more clear 
space for running cross-connect jumpers. 

There are two types of main frames: wall, and 
floor. The floor-type frame is generally preferred. 
The permanent end of the floor-type frame should 
be placed at least three feet from the wall. A minimum 
clearance of three feet is required on both the vertical 
and horizontal sides. This space is necessary for proper 
operation and maintenance of the frame. Wall-type 
frames need not be placed more than one foot from 
the wall, since the jurmpers are usually run from the 
front. 

A typical floor-mounted MDF, with horizontal 
and vertical terminals, and cable protectors, is shown 
in figure 2-18. 

(3) PATCH PANELS.—AIIl communication in- 
stallations must have patch panels to provide for flexi- 
bility, and integration of the communication system. 
The patch panel is normally located in the control 
center of the station, and is specifically designed to 
facilitate the restoring of defective circuits and equip- 
ments to an operating condition in the minimum 
amount of time by the operating personnel. Patching 
facilities enable the restoration of services by substitu- 
tion whenever the fault cannot be readily corrected. 
A patch panel consists of a jack field mounted on a 
rack structure. It generally has facilities for testing 
and monitoring. Lines from every piece of local equip- 
ment, as well as all! lines from the outlying installations, 
such as the transmitter and receiver stations, must 
appear on the patch panel in the control center. 

The control center equipment includes patch 
panels for connecting circuits to terminating equip- 
ment, to the tape relay station, to the communication 
center, to associated terminal station, to carrier equip- 
ment generally associated with specific radio transmis- 
sion systems, and other specialized equipment such as 
monitoring teletypewriters and test equipment. 

The jacks for lines and equipment carrying tone 
or AF keying and the jacks for d-c keying circuits 
should be located in separate patchboards. Jacks used 
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for like equipments are grouped together to facilitate 
operational control. 

Equipment which produces or receives keying 
signals that may require monitoring or testing, while 
the circuit is in operation, should have additional jacks 
assigned for this purpose. These monitor jacks are 
connected so that a monitor teletypewriter, or some 
type of transmitter-measuring device, can be patched 
into the circuit without disturbing normal circuit 
operation. 

All jacks in the patch panel are the normal- 
through type. When all circuits are operating normally 
and unmonitored, and the keying signals are passing 
through their normally assigned keying lines, there 
are no patch cords on the board. 

The location of the control patch panels is deter- 
mined by the location of the main control room in 
the building. 

(4) GROUNDING.—AII equipment and frames 
must be grounded to reduce the noise created by 
potential differences, and to safeguard personnel from 
shock. The ground should have as low a resistance as 
can be obtained. The equipment itself also requires 
protection from lightning, or other currents, that may 
be conducted to the office over outside lines. Protec- 
tors, as stated before, act as a safeguard by providing 
a discharge path to ground for high potential and 
long-continued excess currents. The effectiveness of 
the protectors depends on a good ground connection. 
Fuse protectors required for terminating outside cables 
should be mounted on the main frame, but may be 
mounted on the wall nearest the cable entrance, if 
the frame is not designed for mounting them. A wall 
frame or rack used for mounting fuse protectors should 
extend approximately one foot from the wall. 


(5) CABLING.—To prevent high-level audio 
signals from being picked up and amplified in low- 
level circuits, separate cables should be used for carry- 
ing high-level and low-level audio signals. D.C. tele- 
graph and control circuits should not be run in audio 
cables, but separate cables provided for this service. 


In new construction, cellular flooring with trench 
or header duct is being provided for use as cable race- 
ways. However, overhead racks should be used when 
cable runs are below grade level. 

The establishment of criteria for the utilization 
of r-f cable is difficult because of the number of 
variables associated with any given installation. The 
type of cable, the utilization of the cable and the en- 
vironment of the cable all play an important role. 
The first aspect of the problem to be considered would 
be the question of coaxial or armored coaxial cable. It 
can be shown that a theoretical improvement of 25 to 40 
DB in leakage (signal to noise ratio) can be obtained 
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by the use of armored cable rather than unarmored. 
As an illustration, consider for a moment two cables, 
Type RG-8/U, running in the cableway so that they 
are touching for a distance of 50 feet. If one of these 
cables had on it an RF level of 0.1 volts, it can be 
shown that the voltage induced on the inner conductor 
of the second cable is 2 microvolts. Under an identical 
situation the use of a double shielded or armored cable 
(RG-9A/U or RG-10/U) would result in an approxi- 
mate reduction in induced signal of 80 DB. In the 
event that these two cables are in receiver circuits, 
no serious trouble could be expected to result. How- 
ever, if one of the cables is of a different type and 
connected to a transmitter, such as might occur in an 
emergency installation, the output voltage on the 
transmitter cable would be considerably higher than 
0.1 volt and the resulting signal induced in the second 
cable would be proportionately increased. The me- 
chanical aspects of the cable problem should not be 
overlooked. Armored cable or double shielded cable 
in certain atmospheric environment will deteriorate 
over a period of time and will, therefore, become less 
effective. In addition, cutting or marring the armor 
during installation will further reduce the effectiveness 
of the cable. 


e. INTERFERENCE.—One of the most important 
factors for consideration under systems engineering 
pertains to the installation of equipment in such 
manner as to minimize the effects of interference. This 
applies to the generation of radio interference as well 
as provision against interference to operation of equip- 
ment by causes which cannot be eliminated at the 
source. 

As outlined in NAVSHIPS 900,000, Electronics 
Maintenance Book, the following is a representative 
listing of the most prolific sources of radio interference 
which systems engineering will take into considera- 
tion in all cases where electronic installation is to be 
accomplished: 


(1) Overhead unshielded power lines located 
within approximately cae mile or less of a receiving 
antenna. 

(2) Vehicles and internal combustion engines 
havirg unshielded spark ignition systems and operated 
within 1,000 feet of a receiving antenna. 

(3) Unfiltered motors and generators. 

(4) Fluorescent lighting. 

(5) Poor grounding systems. 

(6) Defective shielding and bonding. 

(7) Link trainers operated in proximity to a 
receiving activity. Radio interference is created by 
the turbo-compressors and the type NSF-11 Bodine 
motor located in the link trainer. 
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(8) Inert gas shielded arc welders, diathermy ap- 
paratus and induction heating equipment. 

(9) TXC facsimile recorders. 

(10) Unfiltered and unshielded oil burner igni- 
tion systems. 

(11) Universal ac-dc electric motors in photo- 
graphic laboratories such as are used in the PDX-30 
photo developing equipment. 

(12) Painted insulators on antenna systems. 

(13) Taxiway lighting systems at Naval Air 
Stations. 

(14) Proximity of radar and transmitter installa- 
tions to receiving activities. 

(15) Teletypewriters using gaseous rectifier 
power supplies and/or series motors. 

(16) Electromatic typewriters, electric coding 
machines, electric adding machines and other mis- 
cellaneous electric office equipment. 

(17) Flashing signs and thermostats. 

(18) Electric razors and electric erasers. 

(19) Rotary converters used for battery charging 
or as a source of direct current. 

(20) Electric drills, vacuum cleaners and floor 
waxing machines. 

(21) Power supplies using gaseous rectifiers. 

(22) Leaky lightning arrestors on power distribu- 
tion poles. 

(23) Dirty, painted, or cracked insulators on 
power distribution poles. 

(24) VRF-1 film recorders. 

(25) Dry disc rectifier power supplies built by 
Raytheon Manufacturing Company under the trade 
name “Rectifilter” Catalogue 1082, Specification Num- 
ber W-2529A. 

Radio interference investigations have disclosed the 
following as representative of poor installation and 
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maintenance procedures in connection with shielded 
systems: 

(1) A general lack of proper cable and equipment 
bonding. 

(2) Shielded cables found depending on loose 
clamps for bonding. 

(3) Cable securing clamps having friction tape 
between the securing clamps and the flexible cable. 

(4) Bonding straps of excessive length, constitut- 
ing possible radiation loops. 

(5) Securing clamps having surfaces painted at 
points of contact with the shielded cable. 

(6) Bonding jumpers terminating to poor 
grounding surfaces. 

(7) One bonding jumper used to ground a 
quantity of shielded cables. 

(8) Breaks in cable shielding and loose couplings. 

(9) Corroded bonding and joint mating surfaces, 
creating a point of high radio-frequency impedance. 

Poor installation and maintenance practice in connec- 

tion with receiving activities has also been found 
responsible for the existence of high levels of radio 
interference even though the activity itself was not 
originally located in an area of high radio interference 
levels. This condition is caused by the subsequent 
installation and operation of radio interference sources 
in proximity to a receiving activity, without taking 
corrective action towards rendering these sources in- 
effective, by means of shielding, bonding, and/or 
filtering. The radio interference investigations con- 
ducted to date have disclosed a general lack of proper 
and periodic maintenance procedures. This lack of 
maintenance is manifested by broken or corroded 
shielding, ineffective grounds, bonding straps exces- 
sively long or not properly terminated, and insulators 
painted. 


ADMINISTRATIVE PLANNING 
CRITERIA AND PROCEDURES 


2-16. GROUNDING CRITERIA. 


a. GENERAL.—An important factor in the design 
of a shore electronic facility is the establishment of 
an adequate ground. Adequate electronic grounding 
requires that the impedance of the ground systen, at 
-all frequencies of interest, be low compared to the im- 
pedance of the network to which it connects. 


The establishment of an adequate ground at 
power frequencies, where the length of the ground 
leads is very short compared to a wavelength, only 
requires the use of simple d-c analysis. "owever, for 
adequate grounding at radio frequencies, where the 
length of the ground leads is long compared to a wave- 
length, transmission line techniques and consideration 
of the distributed parameters (primarily the stray 
capacitance) are required in the analysis. 

There are three factors to consider for an ade- 
quate ground system. In many respects the function of 
the ground system for one factor will overlap the func- 
tion of the ground system for another factor, allowing 
one ground system, which provides adequate grounding, 
to meet all specifications. These three factors are 
(1) safety, (2) interference, and (3) propagation. 

(1) SAFETY.—Grounding for the safety of person- 
nel and the protection of the building is effective only 
when the impedance of the ground system is low com- 
pared to the impedance of the human body. Grounding 
for this factor follows long-established engineering 
practices for power systems that are grounded by driv- 
ing rods of the necessary length into the ground at 
strategic places. Personnel hazards and lightning pro- 
tection are considerations which determine the extent 
of this grounding system. These power grounding 
techniques are applied as part of the establishment of 
the “building ground” at shore electronic installations. 
The building ground as well as the equipment case 
ground comes under this category and is essential 
where electronic equipment is installed. 


(2) INTERFERENCE.-~—Interference in shore elec- 
tronic facilities can come from numerous sources. 
Studies have been made to eliminate or lower the 
interference and bring about a higher signal-to-noise 
ratio. 

Most receivers at Navy Shore Receiving Fa- 
cilities are connected to their antennas via coaxial 
cable which is usually run underground from the an- 
tenna into the building. Inside the building the co- 
axial cable is armored, single-shield cable, such as 
RG-12A/U, and may be several hundred feet in length 
before termination. The length of cable “above 
ground,” plus ineffective receiver case grounding, can 
lower the signal-to-noise ratio unless care is exer- 
cised in grounding techniques. 


CHANGE 2? 
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A transmission line is formed between the 
outer conductor (armor braid) of the antenna cable and 
ground, which is terminated in a very low resistance 
by virtue of the cable being buried in earth. The im- 
pedance looking from the receiver will fluctuate from 
an extremely high to an extremely low value, as will 
the impedance of any improperly terminated transmis- 
sion line. Thus, at some frequencies the shield will 
constitute a good ground and carry most of the noise to 
ground, while at other frequencies it will not, since 
other paths will be more effective. 

The fluctuation in the impedance to ground 
may be minimized by correcting the distributed con- 
stants of this transmission line, to provide a better 
ground at all frequencies of interest. Analysis has 
revealed that a lower impedance to earth can be ob- 
tained by bonding the equipment to a large conducting 
surface beneath the equipment.*’ As the width of the 
conducting surface increases, the stray capacitance 
increases, the unit length inductance decreases, and 
the characteristic impedance decreases even further. 
This effect is shown in Figure 2-43. 

Use of the large conducting surface will also 
help in other ways. 

(a) Any noise on a cable or conductor coming 
to the receiver through or along the conducting surface 
will have its field contained between the conductor and 
the surface. This noise field can easily be “shorted 
out” by filters and bond straps because the distance 
between the transmission line conductors is very 
small. If the surface were not there, the field would 
exist between the conductor and earth, and a short is 
impossible for such a transmission line. Shorting out 
the noise field has the desirable effect of keeping 
noise currents from flowing over the receiver case and 
along the antenna input cable. 

(b) Filters at the output terminals of equip- 
ment can operate more effectively when both terminals 
of their equivalent transmission line are available. As 
in (a), a large conducting surface makes it possible to 
contain the field carried by the offending conductor, in 
such a way that it can be prevented from traveling 
further. 


(c) The presence of a large conducting sur- 
face to which receivers are bonded will tend to lower 
any noise voltage between the receiver chassis and 
earth. This will also reduce the possibility of noise 
currents being induced into the input transformer in a 
path back to earth through the antenna-earth capaci- 
tance as shown in Figure 2-44. When a receiver is 
connected to its antenna, a voltage source from chas- 
sis to earth can cause current to flow in a far more 
sensitive path, as shown in Figure 2-44. E, is a volt- 
age applied between receiver chassis and earth by the 


UNCLASSIFIED 2-99 


Paragraph 
2-16.a(2)(c) 


power cord or other receiver cables. This causes a 
current to flow through the primary winding of the input 
transformer and back to earth through the antenna- 
earth capacitance. The current flow along the an- 
tenna input cable may be reduced by running the cable 
underground. °° 
(d) A large conducting surface will tend to 

shield any roof-top antennas from cable runs below it. 

(3) PROPAGATION.—The ground itself is a part 
of the propagating mechanism, particularly for unbal- 
anced antennas which require the establishment of an 
efficient radiation field between the above-ground por- 
tion of the radiator and the earth. Two factors are 
considered in the design of this counterpoise, ground 
mat, or radial ground system. These factors relate to 
(a) the power consumed because of heavy current flow 
in the ground, and (b) the effect of ground on the 
radiation pattern. Power losses in the ground due to 
low conductivity result in lower available radiated 
energy. The extent of the ground system with respect 
to the vertical radiator greatly affects the radiation 
pattern. In general, the longer the ground radials the 
more efficient the low angle radiation. Engineering of 
such a radial ground system should be based on oper- 
ating requirements and ground conductivity. Lengths 
. of 1/4 wavelength radials are generally specified. For 
low angle requirements and low soil conductivity, 
radial lengths up to 2-1/2 wavelengths are recom- 
mended. For take-off angles of the order of 10 degrees 
and low soil conductivity, a gain of approximately 3 db 
may be expected when using one wavelength and 6 db 
when using 2-1/2 wavelength as compared to 1/4 wave- 
length radials. Additionai radial length contributes 
very little. LF and VLF ground systems are con- 
sidered on a “case” basis. 


b. STANDARD GROUNDING PRACTICES. 


(1) GROUND RODS.-—To provide an earth con- 
nection for a ground system, ground rods are driven 
into the earth and connected by straps to the re- 
mainder of the ground system. To meet the National 
Electric Code specification for ground rod installa- 
tion, a minimum depth of eight feet is recommended 
for a three-quarter inch single rod into the earth. 
Multiple rod connection to earth or greater depth is 
generally required to obtain a ground connectior ap- 
proaching the recommended value of three ohms. Test 
measurements are required as outlined in Appendix V. 
Figure 2-45 shows graphs of typical values of ground 
resistance obtainable with variation in depth and for 
multiple rod application. 


A ground connection, regardless of its appli- 
cation, must meet certain well-defined specifications.”’ 


The relation between the conductance of a group or 
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rods spread over a given area to the conductance of a 
single rod is shown in Figure 2-45. A ground mat | 
which uses driven ground rods effectively will be con- 
structed at such a spacing that the ground rods act as 
individual grounds, with relatively little over-lapping 
of current paths, and the conductors connecting them 
are different fractions of waveleagths at radio 
frequencies. 

Criteria for construction under cognizance of 
the Bureau of Yards and Docks which concern Electri- 
cal Apparatus Distributing Systems and Wiring, is set 
forth in NAVDOCKS Specification 9YG, Paragraphs 
2.11, 2.11.1, 2.11.1.1, 2.11.1.2, and 2.11.2. 

Table 2-6 lists the maximum allowable ground 
resistance for electrical distribution systems and 
equipment. Resistance measurements must be taken 
(see Appendix V) at each ground rod (or group, when 
multiple rod connections are used) to assure the re- 
sistance listed is not exceeded. 


TABLE 2-6, MAXIMUM ALLOWABLE GROUND 
RESISTANCE FOR ELECTRICAL DISTRIBUTION 
SYSTEMS AND EQUIPMENT 


OHMS 


For grounding generating stations 1 


For grounding main substations, distribution 
substations, and switching stations on 
primary distributing system 3 


For grounding metal enclosures and cable 
sheaths enclosing electrically operated 
equipment and connecting cables 3 


For grounding systems to which portable 
electrical utilization equipment of appli- 
ances are connected 3 


For grounding secondary distribution systems 
(neutral), noncurfent carrying metal parts 
associated with distribution systems, and 
enclosures of electrical equipment not nor- 
mally within reach of others than authorized 
and qualified electrical operating and main- 
tenance personnel 10 


For individual transformer and lightning 
arrester grounds on distribution systems 10 


For equipment not covered 10 


(2) EQUIPMENT AND CABLE GROUND. -—Equip- 
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ment and cable armor are bonded to the building ground 
system by means of bonding straps. The bonding strap 
should meet the specifications set forth in MIL-I- 
16910B. The ratio of. 1 to 5 given in this specifica- 
tion may be unrealistic in some cases; if so, common 
three-quarter inch strap material may be used for such 
ground connections. Firm electrical connections to 
paint-free metal surfaces are mandatory. 

Properly installed, the coupling nut of the 
standard connector, together with a grounding ferrule, 
provides a ground connection for cable armor. Ground- 
ing is to be accomplished at the cable vault rack and 
in the standard r-f distribution panel within the build- 
ing. The cable armor should also be grounded where 
entry into the conducting surface (Q-cell flooring, 
copper-weld grid, or a metallic subfloor of copper 
screen or sprayed copper mesh) is made by means of a 
standard conduit entry assembly. 

Where video coaxial cables are brought into a 
building, they will be bonded together and provided 
with a separate grounding rod. This will reduce cross 
talk between the signals in the video cables and the 
signals in the audio and control cables. 

(3) TRANSMITTER BUILDING.—As a part of the 
standard transmitter building construction (by BU- 
DOCKS) a grounded copper-weld grid, copper wire 
mesh, or sprayed copper mesh is placed on or em- 
bedded in the concrete floor and bonded to a #2/0 
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stranded copper perimeter ground cable around the 
outer building wall. Reinforcing steel and structural 
metal parts are electrically bonded together and to the 
perimeter cable by #6 copper wires. Earth connections 
for the perimeter cable are made by driving a 3/4 inch 
copper-weld ground rod to a depth at which the'd-c re- 
sistance is 0.5 ohm, or to refusal, at each building 
corner and at intervals of not less than 20 feet around 
the building perimeter. Each ground rod is electrically 
connected to the perimeter cable by means of two #6 


wires. 


Standard transmitter building construction in- 
cludes knockout cable sleeves through the floor to the 
cable trays suspended on hangers in the basement 
space underneath. Building construction will provide 
a stranded #0 AWG copper wire approximately 5 feet 
in length that is welded (brazed) to the grounding grid 
and coiled within each sleeve during building con- 
struction. See Figure 2-46. When equipment is in- 
stalled, one ground wire will be pulled through the | 
cable sleeve and lugged to ground equipment by bolt- 
ing into its frame. Wires unused for transmitters will 
be used for grounding cable trays and cable armor. It 
is standard practice to provide the cable sleeves and 
#O AWG ground wires on two foot centers beneath each 
row of transmitters. 


In the small transmitter building which may 
be constructed without basement, a similar copper 
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ground mesh will be provided in the ground floor and 
bonded to a perimeter cable. Buildings of this type 
will have cable trenches with a copper grounding strap 
running along the upper edge of the cable trench and 
#O AWG ground wires brazed to the strap at two-foot 
intervals. These will provide a convenient means for 
equipment and cable grounding. The copper grid, 
together with the grounding rods, forms a low im- 
pedance path to earth for both power supply and radio 


frequency currents. 


It is standard construction practice to bond 
and weld all structural reinforcing steel within the 
floors and walls of the transmitter building to form an 
electrically connected and grounded system. Bonding 
the copper-weld floor grid to the structural steel at 
two-foot intervals is accompiished during building 
construction. 

(4) RECEIVER BUILDING. ~The building ground 
system of the standard receiver ouilding :s simiiar to 
that of the foregoing transmitter building, except Q-cell 
flooring is used on all floor levels above the base- 
ment. The Q-cell flooring will function as the large 
conducting surface discussed previously. A copper 
bus, 3/16" x1", connects the Q-cell flooring to each 
driven ground rod. Grounding “6t equipment fixtures, 
cabinets, cable armor, and cable fittings is accom- 
plished with minimum ground strap length, to any por- 
tion of the Q-cell floor where positive connection can 
be made. 


To provide equipment ground connections 
into the -ceil steei, a hole is drilled through the 
concrete floor and through the steel to the ceiling 
A half inch flanged steel rod is run through 
the hole and welded to the Q-cell steel. The other 
end of the rod is provided with a screw connection to 


below. 


which a lugged ground strap may be connected. 


This building ground system will provide a 
low impedance to ground for both power and radio fre- 
quency potentials. External ground mat or radial sys- 
tems are only required when this type of ground is an 


integral part of thie wave propagating mechanism. 
MA aeconi r receiving should be 
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provided with such a separate Sone: installed a con- 
siderable distance from the receiver building, and 


the antenna coaxial cable run under ground into the 
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receiver building. Thus, the antenna is isolated from 
noise sources in and around the receiver building and 
the receiver is protected against such noise by the 
shielded cable and grounding techniques as previously 
described. Other unbalanced antenna types, such as 
sleeve antennas, also require ground radials. 


(5) VHF-UHF BUILDING (NAVAL AIR STA- 
TIONS).—The standard building is specified for remote 
VHE-UHF receiver installations, but may be used for 
VHF-UHF transmitters. A copper-weld grid is em- 
bedded in the ground floor and connected to earth by 
means of driven ground rods. Cable trenches are pro- 
vided as for the transmitter building. An external 
ground mat is usually not necessary. 

(6) OPERATIONS BUILDING AND CONTROL 
TOWERS.—An adequate building ground for this type 
of building will have a ground embedded in the floor, 
Q-cell or similar flooring in equipment spaces, and 


connected to earth with driven ground rods. 


Where communications are mainly in the VHF 
and UHF ranges, ground mat installation is noi 
necessary. 

(7) D-F STATIONS.—The building ground of the 
D-F building is similar to that of the standard receiv- 
ing building and equipment and cable grounding will 
conform with standard practices as set forth in Para- 
graph §-'5, b (2). 

(38: RADAR INSTALLATIONS.—A building ground 
similar to that of the standard transmitter or receiver 
hutiding is required. Equipment and cable grounding 
witil conform to standard practices as set forth in 
Paragraph 2-16, 6 (2). 

(9) CRYPTO FACILITIES.—Grounding criteria 
concerning crypto facilities is promulgated by N.S.A. 
under “Criteria for Secure Wire Distribution System for 


Crypto Systems.” 

c. BUILDING PLANS.-—Standard plans for building 
construction will incorporate grounding facilities as 
described in the preceding paragraphs. Where such 


standard plans are not presently available, new con- 


struction or alterations will incorporate the foregoing 


features of grounding into building construction to pro- 
vide environment for the most efficient electronic sys- 
tem performance. 


